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PREFACE. 



For several years after the publication of Hansen's Tables of the Moon, it was. 
very generally believed that the theory of the motion of that body, after having been 
the subject of astronomical and mathematical research for two thousand years, was 
at last complete, and that, in consequence, the motion of the moon could now be pre- 
dicted with the same accuracy as that of the other heavenly bodies. In 1870, the 
writer showed that this belief was entirely unfounded, and that the correctness of the 
tables since 1 750 had been secured only by sacrificing- the agi-eement with observations 
previous to that epoch, so that, about 1 700, Hansen's Tables deviated more widely 
from observations than did those which they superseded. It was also shown that at 
the time of writing, the moon was falling behind the tabular position at a rate which 
would speedily cause a very serious error in the representation of the Tables. Alto- 
gether, it appeared that notwithstanding the immense improvement which Hahsen had 
made in the accuracy of the inequalities of short period, the theory of those of long 
period was no nearer such a solution as would agree with observation than when it 
was left by Laplace. 

The work of reinvestigating the subject, and, if possible, of ascertaining the cause 
of tliese deviations, was soon after, with the concurrence of Rear -Admiral Sands, made 
a part of the author's official duty at the Naval Observatory. It may be proper to 
remark that this arrangement was largely due to the interest taken in the subject by 
Captain (now Rear-Admiral) Daniel Ammen, U. H. Navy, the Chief of the Bureau 
of Navigation 

The work as planned was divisible into two distinct parts :— 

1. The mathematical theory of the inequalities of long period in the moon's 
mean motion. As the only cause to which such inequaHties could be attributed was 
the action of the planets, this part of the investigation resolved itself into a compu- 
tation of that action. 

2. The study of the inequalities in question from observations, especially fi-om 
observations before 1750. In the ancient and modem observations of eclipses and 
occultations, there was believed to be an immense mass of valuable material for the 
purpose in question, some of which had been almost forgotten, and very little of which 
had been discussed with modem data. 

An amount sufficient for the employment of two computers having been appro- 
priated by Congress, these two investigations were carried on simultaneously, with 
the intention of completing them in the order in which they have been named. But 
as the mathematical investigation was supposed to be nearly brought to a close, it was 
found that certain terms, which were at first supposed to be of no importance, would 
have to be investigated, and that this investigation might prove the most tedious part 
of the whole work, unless some method of shortening it could be devised. Not having 
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yet been able to decide which is the best method of treating the subject, the investi- 
gation is still incomplete, and the present research, originally intended as Part II, is 
issued as Part I. 

In 1 87 1, advantage was taken of a journey in Europe to ascertain whether the 
older observatories and libraries of that continent might not contain unpublished 
observations of eclipses or occultations which would be of value for the subject in 
hand. In this, an unexpected measure of success was attained. At Paris, M. Db- 
LAUNAY, then the Director of the Observatory, placed all the archives of that estab- 
lishment unreservedly at my disposal. Among this material were most of the original 
note-books of the French astronomers from 1675 onward, and here a great number of 
occultations were found to have been observed, though the observations had been 
totally forgotten. The observations pubhshed in the Memoirs of the Academy were 
but a small fraction of those actually observed, and that fraction was composed of the 
least valuable of them. 

One circumstance connected with these observations, while greatly increasing tlie 
labor of the reduction, has also increased the value of the results by insuring the 
entire genuineness of the records. The records made use of consisted, in large part, 
of the original rough notes of the observations, without any explanation whatever, and 
without any reductions except the occasional application of a supposed clock-correc- 
tion. In perliaps half the cases, the star occulted was neither named nor described, 
while the methods of determining clock -error had to be ascei-tained by comparison 
and induction. Many of the books were entirely anonymous. As the copies of the 
records of which use has been made are given in full in the present paper, a minute 
description is not here necessary. 

At the observatory of Pulkowa, I was fortunate enough, through the kind offices 
of Director Struvb, to find what might be considered as the complement of tlie Paris 
obsei'vations in the records of Delisle's observations at St. Petersburg between 1727 
and 1747. From about 17^0, there was a great falling-ofiF in the number of the Paris 
observations, so that those of St. Petersburg come in very opportunely. At Pulkowa 
I also availed myself of the opportunity of making use of the ^^nrivaIled astronomical 
Hbrary of the estabHshment to complete the list of published data. In these researches 
at Pulkowa I was actively assisted by Dr. Lindemahn, then acting librarian, who 
devoted several days to this work. 

Another series of observations which, though publislied, seem to have been 
nearly forgotten, was found in the Livre de la Grande Table HaMmite, translated from 
an Arabian manuscript by Oaussin. These comprise the most valuable of the Arabian 
observations, but, so far as I am aware, they have not before been fully compared 
. with modem tables. 

The want of accurate data in the beginning has added greatly to the labor of 
completing the present work, and caused much unavoidable delay. In the case of 
many of tlie Paris observations, the stars could not be identified until the times of 
observation had been computed, and the apparent place of the moon at those times found 
from the tables. Then the star had to be observed, in order to improve the means 
of determining its proper motion. The existing data for determining the places of stars 
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two centuries back were so insufficient that a complete reinvestigation of the right 
ascensions of the stars became a necessary part of the work. This investigation was 
rendered successful by Auwers's re-reduction of Bradley's observations ; and its results 
have in part been published. 

It will be seen that the material most used in the present investigation has hitherto 
been least known. Possibly, the most valuable portion of it is found in the unpub- 
lished Paris observations, whereby the moon's mean longitude is determined with 
asti-onomical accuracy from 1 680 onward. The observations of GtASSENDUS, Hevelius, 
and Flamsteed (whereby the mean longitude is carried back with gradually dimin- 
ishing accuracy a half century farther), though published, have never been used for 
determining the moon's place. Nearly the same remark will apply to the Arabian 
observations, though it was by them that the secular acceleration of the moon's mean 
motion was fii-st determined. On the other hand, the ancient totaJ eclipses of the sun, 
which have been so much discussed during the present centmy, are here thrown aside. 
The reason for this course being given in the proper place need not be repeated 
now ; nor will the writer make any attempt to forestall the differences of opinion 
which may arise respecting its validity. He will only remark that he approached 
the subject without any bias whatever, unless a general distrust of the scientific pre- 
cision of ancient authors may be regarded as a bias, and that the various considera- 
tions which presented themselves to his mind on examining these records are here 
reproduced as exactly as possible. Wliile the result of the examination of ancient 
solar eclipses has seemed to him to justify his general distrust, that of the lunar eclipses 
in the Almagest has not. Moreover, no part of the discussion has been altered in the 
light-of the result finally reached; but, verbal revision aside, each consideration is 
given as it was originally written. The only approach to an exception occurs in § 2, 
from which he has expunged a derogatory estimate of Ptolemy's eclipses, formed 
before he had compared them witli the tables. The lack of unity and consistency 
which may thus have arisen in a discussion which has been growing by piecemeal for 
six years may be excused under these circumstances. 

The date 1750 is fixed upon as the terminal point of the investigation, partly 
because it is that when accurate meridian observations commence, and also because it 
is the epoch which separates the period within which we have readily accessible obser- 
vations and copious tables of reduction founded on modem data, from that during 
which both these requirements are wanting. 

In conclusion, the author wishes to place on record his appreciation of the labors 
of the skilled assistants, without whose help the completion of the work would not have 
been possible. He owes much to the conscientious accuracy of his young friend, Mr. 
Parkee Phillips, who, with Mr. John T. Hedkick, assisted him from 1871 until 1873. 
In the closing parts of the work, most of the necessary computations were prepared 
by Mr. John Meier and Mr. W. F. McK. Ritter. His engagements rendering it diffi- 
cult to read the proof-sheets properly, Mr. D. P. Todd has taken an active part in pass- 
ing the work through the press. 
Nautical Almanac Office, 

WasMngton, April, 1878. 
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ERRATA. 



Page 13, line 5, for Bd, 60 read Bd. 52. 

Page 42, Ed. No. 10, for s^ 56™ read 6" 56"'. 

Page 44, line 19, for + i8' read — 18'. 

Page 59, line 3i, for Lo — 111° read Lo + in". 

Page 60, lines 4 and 5, add (7). 

Page 74, lines 13 and 15, for ff read n. 

Page 84, line 3 from bollom, for 90J read 99J. 

Page 205, line I, add §12. 

Page 231, line 8 from bottom, for 3,8" read 38", 



Hosted by 



Google 



TABLE OF CONTENTS. 



g r.— HISTORICAL INTRODUCTION 

Values of secular acceleration deduced by Dunthorne, ToiiiAs Mayer, Lalinde, and Laplack . . . 

Researches of Zech, Adams, Hansen, and Delaunay 

Researches of Maybr and of Fekrel on tidal retardation 

Airy's discussion of the ancient solar eclipses 

Hartwig's comparison of Zech's discussion with Hansen's Tables 

Inequalities of long petiod in the moon's mean motion 

§2.— SUMMARY OF DATA FOR DETERMINING THE APPARENT SECULAR ACCELERATION , 

I. Statements of ancient historians respecting certain total eclipses of the sun 

II. The series of lunar eclipses recorded by Ptolemy in the Almagest 

III. The Arabian observations by Ebn Jounis , 

IV. Observations by Europeans before the invention of the telescope 

V, Observations made with the telescope, but without a clock . 

VI. Observations of Hevelujs 

VII. Observations approaching the modern requirements in respect to precision 

VIII. Observations since (he time of Bradley 

Conclusions respecting the determination of the secular acceleration 

§3-— DISCUSSION OF NARRATIVES OF ANCIENT TOTAL ECLIPSES OF THE SUN .... 

1. The eclipse of Thales 

2. The eclipse at Larissa 

3- The eclipse of Xerxes , 

4. The eclipse at Athens 

5. The eclipse of Ennius 

6. The eclipse of AGATitocLES 

7, 8, Other ancient and mediaeval eclipses 

§4.— THE PTOLEMAIC ECLIPSES OF THE MOON RECORDED IN THE ALMAGEST 

Accounts by Ptolemy, accompanied by translations 

Tabular data for eclipses of the Almagest 

Equations deduced from the Ptolemaic eclipses 

Resulting corrections to Hansen's tabular mean longitude 

g 5.~ARABIAN OBSERVATIONS OF ECLIPSES, FROM CAUSSIN'S TRANSLATION OF EBN JOUNIS 

Observations at Bagdad and Cairo 

Tabular positions of the moon and the sun for the Arabian observations 

Comparison of tabular and observed limes for the Arabian observations 

Results of the comparison with Hansen's Tables 

§6.— MODE OF DEDUCING THE ERRORS OF THE LUNAR ELEMENTS FROM OBSERVATIONS 
OF ECLIPSES AND OCCULTATIONS ' 

g 7.— EFFECT OF CHANGES IN THE LUNAR ELEMENTS UPON THE PATH OF THE CENTRAL 
LINE OF AN ECLIPSE 

§8.— OBSERVATIONS OF BULLIALDUS AND GASSENDUS 

Approximate positions of stars for clock-error 

Observations of Bullialdus 

Eclipses and occultations observed by GAssENDtJS 

§ c).— OBSERVATIONS OF HEVELIUSJ 

Position of Hevelius's observatory 

Observalions/rom^the MacAtna CotlesHs , 

Observations from the Annus Climactiricus'^ 



Hosted by 



Google 



TABLE OF CONTENTS. 

Page. 
..—OBSERVATIONS BY ASTRONOMERS OF THE FRENCH SCHOOL BETWEEN 1670 AND lygo. 

FROM MANUSCRIPTS AT THE PARIS AND THE PULKOWA OBSERVATORIES. ... 116 

Remarks, descriptive and explanatory, on the inspection of the manuscript J16 

Series I. — Examination of manuscripts at the Paris Obsetvalorj' 118 

Observations by Cassini and Maealdi 120 

Series II.— Observations of La Hire 131 

Series III. — Observations by Delisle at or near the Luxemburg 148 

Series IV.— Observations by the Cassinis and the Maealdis 156 

Investigation of corrections to the Paris quadrant, 1705-175S 156 

Series V.— Observations by Dei.isle at St. Petersburg , 176 

.—POSITIONS OF THE MOON FROM HANSEN'S TABLES, USED IN COMPARING THE PRE- 
CEDING OBSERVATIONS WITH THEORY iSg 

(r) Omission of terms unimportant on account of their minuleness 189 

(2) Modifications when many places of the moon are to be computed 189 

(3) Terms of long period produced by Venus igo 

Table of correcllons of the argrimenis of Hansen's Tables for terms of long period 193 

Tabular positions of ibe moon ig6 

Observations by Flamsteed 202 

Clock:- corrections — Flamsteed 202 

Longitudes and latitudes of stars for 1850 203 

.—DETAILS OF REDUCTION OF THE OCCULTATIONS 205 

Tabular exhibit of reduction of the occullations 206 

Occiiltatioiis observed by Bullialdus 206 

Gassendus 206 

Hevelius at Dantiig 207 

the Cassin!S and others at the Paris Observatory 210 

La Hire zii 

Cassini, etc.— Series II E12 

Delisle at Luxernbourg , . . . . 2i5 

Delisle at St, Petersburg 217 

Flamsteed at Greenwich 221 



^13,- EQUATIONS OF CONDITION GIVEN BY THE PRECEDING OCCULTATIONS OF STARS . 223 

Errors to which the equations are liable 223 

Provisional solution of the equations 231 

§14.— OBSERVATIONS OF ECLIPSES FROM 1620 TO 1724 . . 236 

Longitudes of the sun from Hansen's Tables . . • 236 

Details of reduction of the eclipses ' 237 

Total eclipse of 1715, May 2-3, as observed In England 257 

S15.— DISCUSSION OF DEVIATIONS IN THE MOON'S MEAN IV!0T10N 261 

Individual corrections to the mean longitude of the moon 261 

The same, graphically interpolated . . . . ■ 263 

. Equations of condition from all the observations 264 

Changes in the earth's rotation which will represent deviations 265 

Representation of observations by a periodic term 266 

Table of corrections to Hansen's mean longitude from 1C20 to 1900 268 

Comparison of this table with observations 369 

§16.— MOTION OF THE MOON'S NODE 270 

Path of moon's shadovi' over England during the total eclipse of 1715 270 



Hosted by 



Google 



RESEARCHES 

ON THE 

MOTION OF THE MOON, 



Part I. 

DISCUSSION OF OBSERVATIONS MADE PREVIOUS TO THE 
YEAR 1750. 

IiraTOKIOAL INTJiODUOTION. 

In all theories of the moon before the beginning of the last century, the mean 
motion of that body was supposed to be uniform. The first inequality discovered was 
the secular acceleration. While the general proposition that a comparison of ancient 
and modern eclipses shows the mean motion of the moon to have increased since the 
time of Ptolemy is no doubt duo to Hallisy, I believe the first careful determination 
of its amount is that by Dunthornb.* Going backward, in the order of time, he com- 
pares his tables of the moonf with the following eclipses : — 
Those of Tycho Brake in his Frogymnasmata ; 
Those of Walther and Regiomontanus (A. D. 1478-90); 
Two of the Cairo eclipses (A. D. 977 and 978) ; 
The eclipse of Theon (A. D. 364) ; 
The eclipses of Ptolemy. 
The first of these series of eclipses was too near his epoch, and the second too 
unreliable, to predicate anything certain upon. From au examination of the others, 
he concludes that the observed times will be best satisfied by supposing a secular 
acceleration of 10" in a century. 

Soon afterward, Tobias Mayer deduced an acceleration of 7" from the eclipses 

of the Almagest, which value he is said to have used in his earlier tables of the moon. 

The subject is next discussed by Lalande in the Memoirs of the French Academy 

"Phil. Trans., No. 492, p. 162. 

t These tables were prolxibly those published in 1^39 (L/iLAtJnEj BiHinj^rapkU Aslrommiqiit, p. 410). 1 1! now of no copy 
of them in this country, 

2 75 Ap. 3 9 
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10 RESEARCHES ON THE MOTION OF THE MOON. 

of Sciences for the yeai' 1 75 7. lAke Bullialdus and otliers of his counti-ymen, he has 
grave doubts of the honesty with which Ptolemy has given the times of his eclipses, 
and therefore uses only the first of the series, that of — 720. He adds the two eclipses 
observed at Cairo By Ebn Jouhis, A. D. 977 and 978, and reported in the introduction 
to the Sistoria Goelestis of Tycho Beahe, and thence concludes that the secular accel- 
eration is about 9".886 per century. 

The next event in the history of the problem is the discovery by Laplace of the 
physical cause of the acceleration, and his calculation of its amount, which he fixed 
at very nearly 10". The exact agreement of this result, and also that of Plana, with 
those derived by Dunthoene and Lalande from observations, seems to have satisfied 
the next two generations of astronomers that no more exhaustive discussion of the 
ancient eclipses was necessary. We find an acceleration scarcely diifeiing from 10" 
adopted in all the Lunar Tables between those of Lalande and Hansen. I am not 
aware of any investigation having in view a definitive determination of the secular 
acceleration from observations alone during the century following Lalande's paper. 
We have, it is true, two important papers by Zech in a series of memoirs published at 
Leipsic under the general title 

FreisscJiriften gekront 'and Jieraiisgegeben von der Filrstlick JaUonotvskiscJien Ge- 
sellschafi zu Leipzig. 

The two papers ai-e: — 

III. J. Zecii, Astrommische Unterstichungen uier die Mondfinsternisse des Almagest. 
Leipzig, 185 1. 

IV. J. Zech, Astrommische Untersuchungen iiher die wichtigeren Finsternisse, wclche 
Von den Schrifistellern des classischen Alterthmns erwdhnt werden. Leipzig, 1853. 

The first of these papers has formed the basis of all the late discussions of 
Ptolemy's eclipses; but the author finds these eclipses inadequate to give any deter- 
mination of the moon's secular acceleration, a result which arises from his including 
the correction of the moon's mean motion, as well as of its secular acceleration, in 
his equations of condition. If we determine the mean motion, not from the modem 
observations alone, but from a comparison of the latter with those of Ptolemy, it is 
evident that we shall have no accurate data remaining with wliich to determine the 
secular acceleration. 

In 1853 appeared the celebrated paper of Adams, which showed that the theoret- 
ical value of the secular acceleration found by his predecessors needed a large diminu- 
tion. This was followed by several accurate calculations of its amount by Adams 
himself and by Delaunay, the latter finally fixing it at 6". 176.* I conceive that no 
rational doubt can remain that this result represents the true effect of the gravitation 
of the planets within a small fraction of a second. 

In constracting his Lunar Tables, Hansen introduced the coefficient 1 2". 1 8, founded 
on a theoretical computation. A revision of his calculation, leading to a slightly 
greater result, namely, i2".557, is given in his Barlegung der thcoretischen Berechnung 
der in den Mondtafeln angewandtm Storungen (ii, p. 374). About the time of publica- 
tion of this work, Hansen wrote that he had never disputed the correctness of the 
result of Adams and Delaunay, and defended his result rather on the ground of its 
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RESEARCHES ON THE MOTION OF THE MOON, I I 

representing ancient observations than on its tlieoretlcal con-ectness.* It can therefore 
scarcely be cited as tending to invalidate the results reached by these investigators. 

It has long been recognized that there was no necessity for an agreement between 
the values of the acceleration derived from theory and from observation, because a 
retardation in tlie earth's motion of rotation would produce an apparent acceleration in 
the motion of the moon, and the fnction of the tides must produce such a retardation. 
The original discovery of this principle is attributed to Mayek; but it would seem to 
have been lost sight of for neaily a century, when it was taken up again by Fbeeel, with- 
out any knowledge of Matee's work. Fekeee's first paper was published in 1853 in vol. 
iii of Gould's Astronomical Journal. It contains the first known attempt to calculate from 
theory the retardation produced by the action of the moon on the tidal wave. Assum- 
ing that the tide caused by the moon in the open sea is two feet in height, and that it 
is liighest two hours after the moon passes the meridian, he finds that, if the ocean 
covered the earth, the equatorial retardation of the latter would amount to 50 miles in 
a century. Deducting one fourth for the land surface, he finds the retarding effect of 
the moon alone to be 3744 miles in a century, and the combined effects of the sun and 
moon to be 44.45 miles. If the earth were really retarded by this amount, an apparent 
secular acceleration of the moon amounting 10^84" in a century would be produced. 
As no such acceleration is observed except what is otherwise accounted for, he con- 
cludes that this effect of the sun and moon must be nearly balanced through the 
gradual contraction of tlie earth by loss of temperature. 

After the researches of Adams and Delaunay, and the general concession of the 
correctness of their results, Fekeel returned to the subject in a paper on The Influence 
of the Tides in earning an Apparent Seeular Acceleration of the Moon's Mean Motion, 
read before the American Academy, December 13, 1 864.! Reversing the process of his 
former paper, he finds that the unaccounted-for apparent secular acceleration of 6" cor- 
responds to a mean rettu-dation of the tidal wave of 8 mimites, or to a retardation of 10 
minutes if we suppose the eai'th to Be cooling according to Foubiee's theory. 

Two or three years after these papers by Fekeel were published, but before they 
became known in Europe, Delaunay read a paper before the French Academy of 
Sciences on the same subject, — Sur f existence d'mie cause nouvelle ayant une influence 
sensible sur la valeur de f equation sicidaire de la lune.% Here the distinguished author 
demonstrates the retarding influence produced by the attraction of the moon on the 
tidal wave, following a course of reasoning similar to that of Mayer and of Feeeel. It 
was through this paper that the subject was first brought prominently into notice and 
discussion. 

Since in the action of tlio moon and the cooling of the earth we Imve two known 
causes which produce a secular vai'iation in the mean day, the accurate efi'ect of which 
cannot be computed deductively, it will probably not be disputed that the real result 
to be derived from observation is, not the acceleration of the moon's mean motion, but 
the retardation of the earth's rotation on its axis. Although the phenomenal < 

1 Monthly Notices, R. A. S., voL xxvi, p. 187. There is a short discussion of ihis subject by Hansen 
Berichte dir Koiiiglkk SAcksischen. Gesdlsdiaft der iVisseiischa/teii sit Leipzig, l^eipzig, 1S63, in which lie discussCi 
tion, and defends his coefficient on the giounds above indicated. 

\ Proceedingi of tht Americati Academy of Arts mtd Scienees, vol. vi, p. 379. 

\ Comptts Rehdus, tome Ixi, p. 1023, December 11, 1865. 
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12 RESEARCHES ON THE MOTION OF TOE MOON. 

of these two causes are nearly identical, tliey are not absolutely so. The longitudes 
of the sun and of the lunar perigee and nodes will, in fact, be affected by a secular 
inequality when expressed in terms of a variable unit of time. The effects of these 
apparent inequalities are, however, too minute to admit of detection by observation for 
a long time to come. 

From what has been said, it will b'e seen that the value of the secular acceleration 
adopted in Hansen's Lunar Tables can hardly be considered as having any sufficient 
a priori foundation. It was not determined from observation at all, but from theory; 
aud the theory was so incomplete as to give a result double that which would have 
been given by a complete one. If, then, the result agrees with observation, it can only 
be because the effect of the omitted terms chances to be the same as tliat of the 
earth's tidal retardation. Whether they are the same is a question to be settled by 
observations, especially by those of ancient eclipses. The first of the recent discus- 
sions of ancient eclipses having this object in view was made by Aisy. 

In the Philosophical Transactions for the year 1853, he has a paper On ihs Eclipses 
of Agatlwclcs, Thalcs, and Xerxes. The feature of this paper of most interest at the 
present time is the historical discussion of the circumstances of each eclipse, more 
especially of the localities in which it was observed to be total. The computations are 
made from De Damoiseau's Lunar Tables, with the application of the corrections result- 
ing from the Greenwich observations, and are, for the purpose in question, supei-seded 
by a subsequent paper. Shortly after the publication of Hansen's Lunar Tables, Aiey 
returned to the subject in a paper On the Eclipse of Agathocles, the Eclipse at Larissa, 
and the Eclipse of Thales. With an Appendix on the Eclipse at Stifdastad, in the 
Memoirs of the Boyal Astronomical Society, vol. xxvi. Here he makes use of the places 
of the moon calculated by Hansen from his tables, and of places of tlie sun from Han- 
sen's Solar Tables. He considers the following conclusions fairly deducible from liis 
investigation:— 

I. TJie eclipse at Larissa, —556, May 19, is established as a real eclipse at a well- 
defined point, and may be adopted for critical reference in deciding on the value of 
lunar tables, as applicable to dista,nt places of the moon. 

3. Professor Hansen's Tables very well represent the phenomena of the tJiree 
eclipses of Agathocles, Larissa, and Thales, as for as we can interpret tlie historical 
accounts of these eclipses. 

3. If any change is permitted in the two elements of. secular acceleration of lon- 
gitude, and change of the argument of latitude, it must be in the nature of increasino- 
the acceleration, and increasing the argument of latitude in the distant ages. 

The eclipse at Stiklastad is discussed in the addendum to this memoir. Han- 
sen's Tables throw the limit of totality in the case of tliis eclipse about a hundred 
miles south of Stiklastad. To make the eclipses of Stiklastad and Larissa central, it 
is necessary to increase Hansen's secular acceleration by o".8o9, and his argmnent of 
latitude by 49" X number of centuries preceding 1800. Hansen's sidereal accelera- 
tion being I2".i8, this correction increases it to I2".99. The effect of these correc- 
tions is said to be to throw the shadow-tracks of the eclipses of Agathocles andof 
Thales to the north, and nearer the points over which the historical evidence seems to 
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indicate tliat tliey passed. In the opinion of the author, a strong presumption is thus 
produced in favor of their reality. 

A compaiison of Ptolemy's series of lunar eclipses, as discussed by Zech, with 
Hansen's Tables, has been ma^e by Haetvvig, and published in the Astronomische 
Nachrichten, Bd. 60. A clear tabulai- summary of his results is printed in the Montldy 
Notices of the Royal Astronomical Society, vol. xxvi, p. 185. The nineteen eclipaes 
indicate a sensible negative coiTection to the secular acceleration, the mean being 
— i".9. Only three out of the nineteen give the correction positive; and, if we 
regard the series as consisting of observations really independent, the probable error 
of tliis result cannot be more than o".4, and its reality would therefore be beyond 
doubt. The result of these eclipses may therefore be regarded, from this point of 
view, as incompatible with that derived by AiEY from eclipses of the sun; but the 
steps of the investigation are not given with sufficient fullness to enable us to judge 
of the reliableness of any conclusions which might be drawn from it. 

It will be seen from tJie foregoing that the only approach to a definitive answer 
to the question the question what value, &c., what value of the secular acceleration 
is deducible fi'om observations, is to be found in the papers of Professor Aiby. If we 
accept the three most ancient eclipses which he has discussed as all undoubtedly 
total, then scarcely any deviation from Hansen's value of the seculai- acceleration 
seems admissible. But I cannot conceive that the historic evidence bearing on the 
subject places the phenomena of totality so far beyond doubt that a discussion of 
other data is unnecessary. 

Such a discussion is the more necessary because it has been known, since the time 
of Laplace, that, in addition to the uniform acceleration of which we have spoken, the 
mean motion of the moon is apparently affected by inequalities of long period, in the 
satisfactory explanation of which geometers and astronomers have always found diffi- 
culty. The first discussion of such an inequality is, I believe, that of Laplace, in 
Mecaniqm Celeste, 2' partie, livre vii, chap, v, under the title Sur une inegalite d longue 
pcriode, qui paroU exister dans le mouvement de la lune. The discussion is mainly 
empirical, tlie existence and magnitude of the inequality being inferred from observa- 
tions which showed that the mean motion of the moon during the second half of the 
eighteenth century was greater than during the fii-st half It was then assumed that 
die inequality was a periodic one, due to the fact that twice the motion of the moon's 
node, pins that of its perigee, is a very small quantity. The value of the coefficient 
concluded from the observations was 47".5i, and tlie ospression for the resulting 
inequality was 

47".5 1 (= 1 5".39) sin (2 fj 2 + ^ 3 - 3 '^ ©)■ 
Using Hansen's notation for the lunar elements, namely, co for the distance of the 
moon's perigee from its node, and g)' for the distance of the sun's perigee from the 
same node, the inequality would be 

i5".39 sin ( «"> — 3 «^') = i5"-39 si" \^73° 26' + (i" 57',4) ((—1800)5. 
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Tlio following; table shows Kovv the observations on which tlie inequality was 
predicated were found by Laplace to be represented by it : — 



Date. 


Cor. to Lalandk's 


Corrections by liie 


Error oul- 


Tables per Obs. 


Fotmula. 


staiiding. 


iCgi 


- 13.58 


- 11.43 


+ 2.10 


1756 


0.00 


+ 2.10 


+ 2.10 


1766 


— 5.26 


- 9.54 


- 0.28 


1779 


- 28.05 


- 35-93 


- 4.84 


i7Sg 


- 54.32 


- 55.52 


- 1.20 , 


1 801 


- 87.96 


- 8s. S6 


+ 2.10 



The tables compared with observation were those in tlie third edition of Lalanue's 
Traite d'Astronomie. The complete formula for the correction of their mean longi- 
tude, as deduced from the comparisons in tl^e second of the above columns, was 

— 39"44 — 98".654 i ^ 47".5 1 sin (0 — 3 00") ■ 

i being the number of centuries after 1 750. 

It woiild seem that Laplace was by no means satisiied with this explanation of 
the cause of the inequality, as lie afterwai'd favored the hypothesis that it was due to 
an unequal compression of the southeiTi and northern hemispheres of the earth. He 
found from theory tliat such an irregularity in the conformation of the earth would 
produce an inequality in the moon's mean motion depending on the same argument. 
except that the equinox would have to be substituted for the sun's perigee, and the 
function cos would have to be substituted for sin. But a cai'eful analysis afterward 
showed him that tills cause was inadequate, the inequality in question being insen- 
sible on any reasonably admissible supposition of the constitution of tlie terrestrial 
spheroid.* 

The question was next taken up, from a theoretical standpoint, by PoiSSON, in his 
Memoire sur le mouvement de la lune aiitour de la terre, in the Menioires de FAcademie 
des Sciences, tome xiii, pp. 209-325. It occun-ed to this geometer that Aiky's inequal- 
ity of long period in the motion of the earth due to the action of Venus must involve 
a coixesponding inequality of long period in the eccentricity of the earth's orbit, and 
must thus produce a con-esponding inequality in the secular acceleration, and thence 
in the mean longitude of the moon ; but the computation of the inequality showed it 
to amount to only two hundredths of a second. In his account of this memoir, pub- 
lished in the Connaissance des Temps for 1836, p. 61, Poisson remarks, " II est facile de 
s'assurer que Taction directe des plan^tes sur la lune, ne saurait non plus donner lieu, 
dans le mouvement du satellite, h. aucime ini^galit^ de longue pt^riode." He shows 
that the coefficient of Laplace's first inequality is absolutely zero, at least so far as 
the terms of the lowest order are concerned. Tlie hypothesis of an inequality in the 
length of the sidereal day he also considers entirely inadmissible. Ho hence concludes 
that no inequality of long period should be admitted in tables of the moon founded on 

"Connaissance des Tentfs, 1823, p. 339. 
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theory. As to the existence of sucli an iricqiiallty, he thinks tlie ol)servations are too 
uncertain to establish it. 

It was reserved for Hansen to show that an inequahty of long period did really 
result from the theory of gravitation, and that it was due to .the direct action of a 
planet* lie fii-st computed Laplace's inequality, and, like Poissotf, found that its 
coefficient was entirely insensible ; but on developing certain terms in the action of 
Venus on the moon, which Laplace and PorssoN had too hastily supposed to he insen- 
sible, he found the following inequality in the moon's mean longitude : — 

61= i6".o sin {—g— i6(/'+ 185" + 35° 20'}; 
g, g', and g" being the mean anomalies of the moon, the earth, and Venus respectively. 
As this expression still failed to account for the observed inequalities in the moon's 
"mean longitude, be carried the approximation to terms of the fourth order with respect 
to the disturbing force, and found that the terms of the third and the fourth order 
increased the coefficient to 2y".^, while the argument remained ixnaltered; so that the 
concluded inequahty became 

27".4 sin (— i/— r6/-[-i8(/"-f-35° 20'). 
But, with this increase, the observations were hardly so well represented as before. 
The term depending on the argument of Aiky's equation of long period was then com- 
puted, and the coefficient found to be 23". 2. The term was 

Sl=2i".2 sin (8g" — i3g' + 3i5° 30')- 
The addition of this term to tho other he considered would reconcile theory and obser- 
vation. In the course of his paper, Hansen remarks that ho did not employ decimals 
enough in his computation to bo able to pronounce with certainty upon the entire 
seconds of the coefficients: lie therefore proposes to repeat the computation, using one 
or two more decimals. 

The periods of these two inequalities are respectively 273 and 239 years. The 
difference of the periods is so small that, so far as the representation of existing obser- 
vations is concerned, the two terms might have been combined into one. 

Hansen concludes his paper with an inquiry whether these two inequalities will 
satisfy the observations. He has before him the corrections to De Damoiseau's theory 
given by the Grreenwich observations from 1 750 to 1 830, and ho finds that the residuals 
will be satisfied by applying, along with the above inequalities, the following corrections 
to the moon's mean longitude for 1 800, and to its mean annual motion : — 

Correction of epoch for 1800 — 5"-og 

Correction of mean annual motion + o".4095. 

Ho also makes a similar examination of the residuals in the chapter of the Me- 
canique Celeste, already referred to, and finds that these may be represented by apply- 
ing to Lalande's positions of the moon, along with the above inequality, the following 
corrections : — 

Correction to mean longitude for i 764 — 24".o 

Correction to mean annual motion — o".2377. 

' Astroiwmisrhi NachrkhUti No, 597. 
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Hansen makes no inquiry as to whether these two sets of corrections correspond 
to the difference between the moon's mean longitude and mean motion given in the 
two tables compared, and so lead to the same value of the lunar elements. It would 
not be diffienlt to answer this question, since both tables are extant, but the answer 
would be of little interest, owing to onr ignorance of the star-places, equinox, or other data 
on which Laplace's observed longitudes rest. The writer cannot learn that any details 
of these laborious reductions of the observations of Flamsteed, La Hire, and others 
were ever published, and his efforts to find the original manuscript investigations, which 
were cordially seconded by the late lamented Delaunat, then director of the observa- 
tory of Paris, were fmitless. It is therefore probable that the whole investigation is 
lost to science. 

This important paper is dated 1847, March 12. The next announcement from 
Haksbn is seven years later, and appears, as a letter to the Astt'onomer Royal, in the 
Monthly Notices of the Moyal Astronomical Society for November, 1854 (vol. xv, p. 8). 
He says: — 

"The accurate determination of these two inequalities by theory, is the most dif- 
ficult matter which presents itself in the theory of the moon's motion. I have on two 
occasions, and by different methods, sought to determine their values, but I have ob- 
tained results essentially different from each other. I am now again engaged with their 
theoretical determination by a method which I liave simplified, and hope to bring the 
operation to a definitive close." 

As two methods, that of "successive substitutions" and that of "undetermined 
coefficients", are described in his original paper of 1847, ^""i the results of each given, 
it seems probable that these are the two methods referred to. If so, tlie first method 
gave i6".o for the coefficient of the fii'st inequality and zero for that of the second, 
while the second gave 27" for the fii-st and 23" for the second. We cannot 
decide whether the proposed computation with more decimals had or had not been 
executed. 

Our next information is obtained from the completed tables of the moon published 
in 1857. Using mean anomalies, the expressions for these terms employed in the tables 
are 

15".34 sin (— ^ — i6y -f 18 /' + zz"" 36') 
-i- 2 1".47 sin (8 </" - 1 3 ^ + 4° 44')- 
The first of these terms is no doubt the result of the revised calculation described as 
in progress in tlie letter of 1854. But the second term is partially or wholly empiri- 
cal, it being found necessary to alter the theoretical value to represent the observations 
of the moon from 1750 to 1850. What theoretical value Hansen actually found by 
his revised computation we do not know. His last and only explication of the matter 
is given in a letter to the Astronomer Royal dated 1861, February 3, a translation of 
which is found in the Monthly Notices of the Royal Astronomical Society for March, 1861 
(voh xxi, p. 153). He says: — 

"For the rest, I have found the coefhcient of 8V— 13E, by my last theoretical 
determination of it, by no means insensible, like Delaunay. Without the introduction 
of this coefficient, the observations show deviations at different epochs ; but with the 
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introduction of this, these deviations disappeared even to the last trace. I consider, 
therefore, its introduction as established, and reserve to myself a new theoretical deter- 
mination of it, but cannot tate this in hand until I shall have proceeded further in 
the calculation of the remaining coefficients. I have, besides, some other inequalities 
of long period, which are caused by the planets; but as the coefficients of these ine- 
qualities are small, I have neglected them in the tables, in order to avoid too great 
extension." 

So far as the writer is aware, this is the last utterance of Hansen on this subject. 
In his Darlegung, published in 1865-66, we find no reference whatever to these terms- 

Delaunat is the only other geometer who has attacked the problem of these ine- 
qixalities. His researches are published with great fullness in the Additions to the 
Connmssance des Temps for 1862 and 1863. For the first approximation to the first 
inequality, his result is 

i6".o2 sin (~g— i6(/'+ i8^" + 35'' 2o'.2), 
a result almost exactly identical with that first given by Hassen in 1847. The ulterior 
approximations lead to the definitive value 

i6".34sin(— r/ — i6/-|-i8y'-|-35'= i6'.5), 
a result one second greater than the definitive value adopted by Hansen in his tables. 

In the case of the second inequality, he finds a coefficient of only o".27, a quantity 
quite insignificant in the present state of the question. We here find an iiTeconcilable 
difference on a purely theoretical question, on which no light has been thrown within 
the last fifteen years. 

That the .subject of the theoretical computation of the inequalities in the moon's 
mean motion produced by the action of the planets is by no means exhausted appears 
from the recent announcement by Mr. Neison, of England, that he has found an ine- 
quality of 1 6 years, due to the action of Jupiter. As this question involves that of the 
uniformity of the earth's rotation, it is one of those most worthy of the attention of 
geometers. 

§2. 

SUMMAEY OF THE DATA NOW AT OUR DISPOSAL FOR DETERMINING THE 
APPARENT SECULAR ACCELERATION OF THE MOON FROM OBSERVATION 
ALONE. 

It has long been tacitly assumed that we are dependent solely on the accounts 
of eclipses transmitted to us by history for the data necessary to prosecute the 
investigation in question. This view has undoubtedly been correct in times past. 
The effect of the cause sought increasing as the square of the time, the extreme rough- 
ness of the ancient observations has been more than counterbalanced by their remote- 
ness. For instance, if the mean motion of the moon at the present epoch were accu- 
rately known, the secular acceleration could be determined equally well from an 
observation one century back, and from an observation twenty centuries back affected 
with an error fom- hundred times as great. As there must be a long series of modem 
observations to determine the mean motion ' itself, any error in which will affect the 
comparisons by which the secular acceleration is to be determined by an amount 
3 75 A p. 2 
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increasing as the simple time, a still farther advantage is thus given to the ancient 
observations. We may see this advantage in the strongest possible light by reflecting 
that, with a value of the secular acceleration one second in error, the motion of the 
moon during a period of two centuries might still he represented witliont an error of 
more than half a second. 

Notwithstanding these disadvantages, I think the time has arrived when the ob- 
servations made between the epoch of the invention of the telescope and the year 1 750 
are entitled at least to consideration as a means of determining the element in question. 
As a guide toward determining what observations are to be included in this discussion, 
and how they are to be used, it is proposed to give a brief summary of all the data at 
our disposal for determining positions of the moon before the year 1750, and to esti- 
mate the accuracy with which the secular acceleration can be found from each class 
or series, of determinations, supposing the necessary favorable conditions to be fulfilled. 
Among these conditions must he included a theory of the inequalities of long period 
which shall accurately represent observations without any empirical correction, a 
desideratum which, as we have shown, astronomy does not yet possess. The observa- 
tions will be divided into classes or series, each class or series presenting some common 
feature by which the data are to be judged. We begin with 

I. Statements of ancient historians from which it is inferred that the shadow of the moon 
passed over certain points of the eartWs surface during certain total eclipses of the sun. 

If there were even a few cases in which this inference could be drawn without 
reasonable doubt, this class of observations would doubtless furnish us the most accu- 
rate data we possess for our present object. Considering only the eclipses at Larissa 
and Stiklastad, it appears, from the investigations of Airy just described, that the 
limits of the value of the seciilar acceleration within which both eclipses will be total 
are very naiTOW, being only a small fraction of a second. But it seems to me that 
there is in nearly all these descriptions of phenomena too much vagueness to inspire 
us with entire confidence that any given eclipse was really total at the supposed point 
of observation. Reserving for the special discussion of each eclipse the difficulties 
which are peculiar to it, I shall here mention some of a general nature. 

The first difficulty is to be reasonably sure that a total eclipse was really the 
■phenomenon observed. Many of the statements supposed to refer to total eclipses are 
so vague that they may be referred to other less rare phenomena. It must never be 
forgotten that we are dealing with an age when accurate observations and descriptions 
of natural phenomena were unknown, and when mankind was subject to be imposed 
upon by imaginary wonders-and prodigies. The circumstance which we should regard 
as most unequivocally marking a total eclipse is the visibility of the stars during the 
darkness. But even this can scarcely be regarded as conclusive, because Venus may 
- be seen when there is no eclipse, and may be quite conspicuous in an annular or a 
considerable partial eclipse. The exaggeration of a single object into a plural is in 
general very easy. 

Another difficulty is to be sure of the locality where the eclipse was total. It is 
commonly assumed that the description necessarily refers to something seen where 
the writer flourished, or where he locates his story. It seems to me that this cannot 
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be safely done unless the statement is made in connection with some battle or military 
movement, in wliiclt case we may presume the phenomena to have boon seen by the 
army. 

II. The series of lunar eclipses recorded T>y Ptolemy in the Almagest, and used hy him 
as the fotmdation of Ms lunar tlieory. 

These are nineteen in number. Tiiey were observed at Babylon, Rhodes, and 
Alexandria, and extend over a period of eight centuries. Supposing- them to be 
affected only with the accidental errors of observation, the comparisons with Haksen's 
Tables made by Hartwiq seem to indicate that the probable error of each recorded 
time is between fifteen and twenty minutes. The probable error of a mean epoch 
derived from all the observations will then be about four minutes, and the correspond- 
ing probable en-or of the moon's mean longitude will be 2'. But there are two 
circumstances which prevent our assigning quite this degree of accuracy to Ptolemy's 
record. 

The fii-st is applicable to all observations of the beginning and end of eclipses. 
It is that the first contact is never really seen, and the eclipse cao never become 
visible until a sensible interval after the time of real contact. We must expect that, 
as a general rule, the recorded times of the beginning of echpses will be too late by a 
certain sensible amount, and those of the end too small by an amount somewhat less.* 
If we knew that the observers had always been on tlie alert for the eclipse, and keenly 
alive to the necessity of seeing it at the earliest moment, and of noting its time imme- 
diately, some estimate of the intervals in question might be made, and the results 
corrected accordingly. But, in these observations, we cannot safely apply any such 
estimate, and must determine the sum of the two errors from the discordances between 
beginning and end. In the case of eclipses in which only the time of the middle is 
given, we have no means of knowing whether this time is a mean of observed times 
of beginning and ending, or whether, in the case of partial eclipses, it was tlie time 
wlien the observer thought the eclipse bad reached its greatest phase. Happily, where 
beginnings and endings are both observed, the errors will be in opposite directions, 
and will partially eliminate each other. The only remaining doubt will arise from our 
ignorance of the amount by which the en-or of the beginning exceeds that of the end : 
in general, I should think the ratio would lie between i .5 and 2, a range wliich reduces 
the outstanding uncertainty to a quite small amount. 

The other circumstance is that the observations which have reached us are not a 
complete series, but only a selection made for the foundation of a theory— possibly a 
preconceived theory. In fact, Btolemy has been strongly suspected of selecting such 
observations from the records as would make the results fit liis theory. Bullialdus 
founds this accusation upon Ptolemy's own statement that Hipparchus employed a 
different interval between two of his eclipses from that calculated by himself But it 
does not seem probable that one who bad dishonestly altered the records in his pos- 
session would have thus frankly stated the result of his alteration. It seems more likely 
that there was something in the calculation of Hippakchus which Ptolemy failed to 
underetand, a circumstance not at all improbable. 

' Since this was written, an examinatiohof eclipses has led me to suspect that the older observers often anticipated the times 
of ihcii- actually seeing an edipse become scnsilile to the sight, and recorded an estimated time of true geometrical contsict. 
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My own judgment of tlie reliableness of Ptolemy's lunar eclipses is founded on 
these considerations. First, they are not to be accepted without question, because the 
fact tliat Ptolemy deduced from a comparison of his own equinoxes with those found 
by HiPPARCHUs the same eiToneous value of the equinoctial year (365'' 5*" 55" 12', a 
quantity too great by 6'" 26') which Hippaechus himself deduced, leads to a very 
strong suspicion that his observations might be in some way made or selected to fit a 
preconceived theory. Yet all of Ptolemy's Almagest seems to me to breathe an air of 
perfect sincerity. We must remember that the scientific logic to which a selection of 
observations is opposed had then no existence in men's minds. The question arises 
whether we have any strong reason to fear that the obser\-ations quoted by Ptolemy 
were selected to confirm some preconceived theory of the moon's motion ; and, if so, 
whether such a selection would be likely to result in making the moon's mean longi- 
tude systematically incorrect during the eight centuries tlirough which the observa- 
tions extend. Expressing no opinion on the former question, I am inclined to answer 
the latter in the negative. Even if there was such a selection, it was probably made 
in favor of a theory of the moon's mean motion founded on other observations now 
lost, and therefore entitled of itself to weight. The elements which Ptolemy sought 
to determine from the observations in question were so numerous that it does not seem 
likely that the mean longitude of the moon would be systematically eiTOneous tlirough- 
out the whole series. I consider that, on the whole, the observations in question are 
much more reliable than the accounts of supposed total eclipses, and yet that their 
confirmation by independent data is very desirable. 

III. Passing over, for tlie present, a number of isolated observations, all deficient 
in precision, we reach the observations of the Arabian astronomers. "We have already 
remarked that both Dunthokne and Lalande, in determining the secular acceleration, 
made use of two eclipses observed at Cairo in tlie tenth century. These seem to have 
been derived from the Prolegomena to the posthumous collection of Tycho Brake's 
observations, published under the title of Historia Codesfis, where they are given on 
the authority of Schickaed. These observations were derived from an Arabic manu- 
script belonging to the University of Leyden, of which little was known until near 
the end of the last century. It was then loaned to the French .government, and a 
translation was made by Caussin, and published by the government in 1 804, under 
the title of Le Livre de la Grande Table HaMmite. The greater part of the eclipse 
observations had previously been published in Memoires de Vlnstitut National dcs 
Sciences et Arts. — Sciences MatMmaUgues et Physiques, — Tome ii, Paris, An vii ; but a 
few changes are made in the separate edition. 

I think this work contains what are entitled to bo considered the earliest astro- 
nomical observations of eclipses which have reached us. Some of the data left us by 
Ptolemy, Theon, Albategnius, and others may be results of astronomical observations ; 
but in no case, so far as I know, have the quantities actually observed been handed 
down to us. For example, we can neither regard midnight nor the middle of an 
eclipse as capable of direct observation; but, in the present work, we find given the 
altitudes of celestial bodies at the moments of beginning and ending of eclipses, — data 
which are not likely to be tampered with to agree with the results of calculation. 
The entire number of eclipses recorded is twenty-eight; of which botii beginning and 
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end were usually observed. The altitudes are given sometimes in whole degrees only, 
sometimes in coarse fractions of a degree. If they were always given to the really 
nearest entire degree, so as to be affected with a probable en-or of only fifteen min- 
utes, the corresponding eiTor in the moon's mean' longitude would average about forty 
or fifty seconds of ai-c, and would therefore be very small in the mean of all the 
observations. The most serious source of error is that already alluded to, — the uncer- 
tainty how long after the first contact the eclipse was first perceived and the altitude 
taken, and how long before the actual end it was lost sight of It is not of much use 
to guess these quantities until we discuss the observations; but 1 hope that the prob- 
able error of the mean of all the observed times can" be reduced to less than two 
minutes, so that the probable error of the moon's mean longitude will be not more 
than a minute of arc. 

IV. Observations hy Europeans before the invention of the telescope. 

JRegiomontaniis and Walther. — So far as I can learn, we have nothing that can 
properly be termed astronomical observations of eclipses between those of the Arabi- 
ans and those of Regiomontanus and Walther in the latter part of the fifteenth 
century. My authority for them is a volume containing two works, paged separately, 
under the respective titles: — 

( 1 ) Coeli et Siderum in eo errantium dbservationes Hassiacae illustrisslini principis 
Wilhelmi Hassiae, landgravii auspiciis quondam institiitae et spicilegvum hiennale, . . . 
quihits accesserunt Joannis Begiomontani et Bernardi Waltheri observationes Norihergicae. 
Lugduni Batavorum, 1618. 

(2) Johannes de Monte-Begio, Georgii Puet-lachii, Bernardi Waltheri ac aliorum, 
eclipsium, cometarum, planetarum ac fixanim dbservationes. . . . 

These observations belong to the same class with those of the Arabians, namely, 
altitudes of the sun or moon at the times of the beginning or ending of tlie eclipses, 
and do not seem in any way more trustworthy. The telescope not being known, the 
same uncertainty must rest over the question of the exact phase at which the eclipse 
became visible or disappeared from view. The altitudes are given only in coarse 
fractions of a degree. The epoch being less than half as remote as that of the 
Arabian observations,- the coefficient of secular acceleration wUl not be one fifth as 
great For this reason I do not consider these observations worth using at all. 

Tgcho Brahe. — The observations of TycHo follow those of Regiomoktanus by 
about a century. The confused manner in which most of the works of this astron- 
omer have been edited and published makes exact researches into their subjects rather 
difficult, and it is the less necessary to present any such researches that I have de- 
cided to make no iise of the observations. I have been led to this course by the fol- 
lowing considerations. The telescope was unknown to Tycho. Granting that the most 
careful observations were made by him, the probable constant error of contacts observed 
without a telescope, and, without any means of determining the smallest amount of 
impingement of the moon on the sun or of the earth's shadow on the moon which he 
could see, can hardly be estimated at much less than 20". A number of accurately 
determined times of contact would be necessary even to reduce the error to this 
amount. After devoting considerable time and labor to an examination of what pur- 
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port to be tlie observations of Txcho, both those printed, and tliose in manuscript at 
the Paris Observatory, I was scarcely able to find what could be regarded as accurate 
and reliable observations of eclipses. In the Progymnasmata, there is a series of some 
thirty solar and lunar eohpses observed by him between 1572 and 1600. Only a 
single time is given for each eclipse, and from a comparison with the Historia Coelestis 
it may be conjectui'ed that these are the times of greatest phase. Comparing the dates 
in this series with the observations, which are arranged in chronological order, only 
some of the later eclipses were to be found at all. Among these few I found scarcely 
an unequivocal observation of the beginning of an eclipse, and only occasional obser- 
vations of an ending. The phases ■were given, not by measure, but by drawing a 
diagram showing how tlie eclipse appeared -from time to time. There was no evidence 
that these diagrams had been laid down by measure, either by the astronomer or by the 
copyists who followed him. It was generally doubtful whether the times were appa- 
rent times, or those of one or the other of two clocks. Finally, the discrepancies 
between the manuscript and the observations printed in the Historia CoeleMis were 
so numerous as to desti'oy all confidence in either. 

It is wonderful if so indefatigable an observer never observed an occultation of 
a star or planet by the moon, yet I have never succeeded in finding any such. I 
made a careful examination of his observations during the periods in which occultatlons 
of Aldebaran must have occurred without finding any allusion to such a phenomenon. 

V. Observations made with the telescope, tut without a clock. 

Bullialdus and Oassendus. — The application of the telescope to the observation of 
eclipses and occultations may be considered as commencing with these obsen'ers. 
They had no clock. The times were fixed by noting the altitude of the sun or some 
bright star at the moment of the phenomenon. CSassendus sometimes had an assistant, 
who used the quadrant, while he himself noted the time of the phenomenon by a signal. 

This mode of observing ought to be susceptible of considerable accuracy. G-as- 
SENDUs's quadrant seems to have read at least to 5', and an altitude of the star to the 
nearest 5' would generally be eqxiivalent to a place of the moon to the nearest 1 5", 
In other words, tlie probable eiTor in the moon's position would be only about 4", if 
the altitude were really noted to the nearest 5', But the observations of Gassendus 
exhibit anomalies which I find it difiicult to account for. He frequently gives the 
altitudes of two or more objects con-esponding to the same occultation, though it is 
quite certain that only one could have been observed at the proper moment. In these 
eases, we should expect the second altitude to give a time systematically a little later. 
Sometimes we actually find it so, but sometimes it is earlier. , "When the same pair of 
stars are thus repeatedly observed in the course of a series of occultations observed 
on a single evening, we generally find the dift'erence of the computed times nearly the 
same; but, another pair being observed at another time, the difference changes its 
character entirely. The most embarrassing case is that of the occultation of y Capi-i- 
coi-ni, 1635, August 26, where he gives in succession the altitudes of -ar Arietis, the 
moon's limb, and a Andromeda, and adopts a time near the mean of the three results, 
of which the extremes diifer more than three minutes. 

I have found no other case so bad as this. The general agreement of the obser- 
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vations is such that we may generally cooaider each time to be affected with a proba- 
ble error not differing greatly from fifty seconds, corresponding to a change of 25" 
in the longitude of the moon. We have no means whatever of judging whether the 
observations of Bullialdus are better or worse than those of Gassendus, and so may 
for the present assume them to have the same value. We have, in the observations of 
both, the equivalent of about twenty observations to dispose of; and, if each gives the 
moon's longitude with a probable en-or of 1 5", the mean of all may be assumed to be 
good within 6" or 6". The mean epoch will not be far from 1640. 

VI. Observations of Hevelius. 

The observations of Hevelius, as given in his Machina Coekstis and Annus 
CUmactericus, extend from 1639 to 1683. With them commences the use of the clock 
in the obsen'^ations of eclipses and occiiltations, the clock being regulated by observed 
altitudes of the sun or stars. This gives us more definite means of estimating the prob- 
able errors of the observed times, which may be inferred from the discordance of the 
separate determinations of clock-error. From the best estimate we can form, the prob- 
able eiTor of the several determinations of time will fall between 20 and 24 seconds. 
Taking the latter limit, the probable error of each determination of the moon's longi- 
tude will be about 12". We have in the work of Hevelius the apparent equivalent 
of about forty average occiiltations to dispose of The probable error of the moon's 
longitude which results from the mean of all his observations will therefore, if no other 
eiTors than such accidental ones as these enter, not be more tlian 2". Allowing for 
probable unknown causes, we may estimate it at 3". The mean epoch is about 1675. 

VII. Observations approaching the modern requirements in respect to precision. 
Flamsteed. — Flamsteed's observations were made on the same system as those 

of Hevelius, but with far greater accuracy. His quadrant was supplied with "teles- 
copic sights", which Hevelius never adopted, and by whicli the probable error of the 
time deduced from a single altitude was reduced to two or three seconds. His clocks 
were much better than those of Hevelius, though far inferior to those of his contem- 
poraries on the continent. A partial drawback to these advantages, is that his clock- 
error was not determined often enough, nor. near enough to the times of observations' 
Another weak point, which is also a mark of Hevelius's observations, is that he never 
seems to have had the idea of eliminating any possible index-error of his quadrant by 
altitudes on opposite sides of the meridian, but would, month after month, if not year 
after year, determine nearly all his clock-errors by observations in the east alone, or 
the west alone. An estimate of their probable error would tlierefore be such mere 
guesswork that I shall not attempt it. 

The Paris astronomers. — With the foundation of the Paris Observatory, a yet far- 
ther improvement was made in the art of determining the time, and one so great tlifi.t 
the observations of occultations made there between 1680 and 1720 are frequently 
comparable in accuracy with those of the present time. Tiie mode of determining the 
clock-coiTection was substantially as follows : — A quadrant, gnomon, or meridian-mark 
was set as neai'ly as practicable in the plane of the meridian, and was left undisturbed 
in position during long intervals. With tliis instnmient, the clock-time of meridian 
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transit of each limb of tlie sun was assiduously observed on every day that the weather 
permitted. The clock-time of meridian passage was also determined from time to time 
by equal altitudes of the aun on the two sides of the meridian, observed with a quad- 
rant. The time deduced from the equal altitudes being compared with that deduced 
from the meridian passage gives a correction to the meridian-instrument applicable to 
the particular altitude of the eun on that day. The con-ection being found for various 
altitudes of the sun, its value for any particular altitude may be found by a curve or 
by interpolation, and thus the correction for each day may be deduced. 

From the general accordance of the different results for clock-error and for the 
correction of the meridian, as well as from the discordance of independent observations 
of the same occultation, it may be inferred that the probable error of a time well deter- 
mined in this way was not more than two seconds, corresponding to an error of i" in 
the moon's longitude. This is so small that it does not exceed the probable en-or aris- 
ing from the irregularities of the moon's limb, which, from a comparison of occulta- 
tions obsei"ved at various places, would seem to be nearly i". The probable eiTOr of 
the position of the moon's centre will therefore vary from i" to i".4, according to the 
point of the limb on which the occultation was obsei-ved. The probable error of the 
star places and of the tabular perturbations is larger than tliis, and may be expected 
to increase the probable error to 3". After gleaning out all the uncertain observa- 
tions, we shall have the equivalent of more than sixty good occultations observed 
at the Paris Observatoiy between the years 1680 and 1720. These ought to give 
the mean longitude of the moon for the epoch 1 700 without a probable error of more 
than o".6. 

Of the same class of observations here described are those made by Deltsle at 
St. Petersburg between the years 1724 and 1748. In fact, during the interval 1720 
to 1 753, we have an average of nearly one good occultation per year at St. Petersburg 
and Paris, so that the mean longitude of the moon can be fixed during tliis interval 
within one or two seconds of arc. 

VIII. Observations since the time of Bradley. 

From the year 1750 to the present time, we have a nearly continuous series of 
occultations and eclipses, observed with a high degree of accuracy at observatories 
whose positions are well known, notably those of Greenwich and Paris. Of course, 
these observations become more and more numerous as we approach the present time. 
Let us next inquire how accurately the mean motion of the moon can be determined 
from these observations. I conceive that between the epochs 1780 and 1820 we shall 
find at least 1 50 well-observed occultations. If we omit a third of these as being 
cases where the star was too far from the line of motion of the moon's center to give a 
good determination of tlie moon's longitude, we shall have 100 left suitable for this 
determination. If we take the probable error of each longitude derived from a single 
occultation as 2".o, which I think is not far from the truth, the probable error of the 
mean of all will be o".20, and the epoch will be about 1800. AUowingfor systematic 
differences between observers, it may be increased to o".30. Again, from the more 
numerous observations on both sides of the epoch 1875, we may hope to obtain the 
moon's mean longitude for that epoch with the same precision. By a compai-ison of 
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the two, the moon's mean motion during the first seventy years of the present century 
will be obtained, with a prohable error of o".4, the corresponding- epoch being 1837. 
The two epochs compared, conjoined with the observations between 1820 and 1850, will 
give the mean longitude for 1837 with a probable eiTor which, for our present pur- 
poses, may be' regarded as insignificant. 

Now, suppose that, with the mean longitude and mean motion thus determined, we 
carry back the position of the moon to the epochs of the observations previous to i 720, 
and, considering the difference as due solely to the secular acceleration, determine the 
latter from the comparison of the observed and computed longitudes, what will be the 
probable errors of the several results ? The probable error of the computed mean longi- 
tude will be, with sufficient approximation, o".6 T; T being the number of centuries 
from 1837. If we represent by e the probable error of the mean longitude derived 
from observation, the probable error of the comparison will ho 

Vo".36T" + e'', 
and the probable error of the value of the secular acceleration deduced from the com- 
parison will be 

\/o".736TH^e^ _ 
T^ " ^■ 

The values of the several quantities which we have estimated for each series 
of observations or other data are given in the following table, the last saries of num- 
bers being the probable error of the secular acceleration which would result from a 
comparison of the observations with a lunar theory derived from observatiotis between 
1780 and 1875. 



DaU lit observers. 


r. 


<■ 


■■ 


Ptolemy's eclipses 


..., 


200 


o',. 


Arabian eclipses 


S,3 


(:o. 




BuLLlALDusand Gassendus. . . 


1.05 


s. 


1-3 


Hevelius 


r.6 


3- 




Paris and Greenwich astronomers . 


1.35 


0.6 


-' 



From this reasoning, we may draw the following conclusion:— (J/OiffiHi? the 
I premises on ivMch tve have reasoned, the secular acceleration of the moon can 
be determined with nearly/ the same order of accuracy from the modern as from the ancient 
observatiom. 

The writer is quite conscious that the degree of accuracy here assigned to the 
results is something to be hoped for rather than expected, and that many astronomers 
may consider, not without some reason, that the degree of precision attainable has been 
gi'eatly exaggerated. To judge of the precise state of the question, it may not be amiss 
to present some considerations on the premises, expressed or implied, from which we 
have reasoned.' 'They are substantially! — 

(i) That a theory can be constructed which shall accurately represent the real 
and apparent inequalities of long period in the moon's mean longitude. This involves 
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the tliree conditions that the motion of the moon is affected only by the gravitation of 
the known bodies of the solar system ; that the effect of this gravitation can be accu- 
rately calculated ; and that the motion of rotation of the ernst of the earth upon its 
axis is invariable, a uniform secular retardation excepted. A failure in any one of 
these conditions will destroy the basis of the preceding calculation, and will increase 
the probable error of the results derivable from the modern observations much more 
than in the case of the ancient ones. It is useless to speculate upon the probability 
that these conditions will be fulfilled. 

(2) The other hypothesis is that the observations are not affected by any system- 
atic error nearly as great as the probable error of the mean derived from each series of 
observations. Among the sources of such systematic errors are to be included errone- 
ous longitudes of observatories, constant instrumental errors in the determination of 
time, and any habit peculiar to the observer by which he systematically observes an 
occnltation differently from the transit of the sun's limb or of a star. 

I do not think that these errors will very largely increase the probable error of the 
results, because occultations, if actually observed, are peculiarly free from systematic 
error. If we take the probable errors which we have supposed for the moon's longi- 
tude at the three epochs 1700, 1800, and 1870, and reduce them to time, they will 
amount to about i'.2, o'.6, and o\6 respectively, quantities far greater than the average 
observed personal equations between different observers. Now, we have tacitly sup- 
posed it an even chance that the mean of a series of observations extending over a 
period of forty years, made by a number of different observers and in a number of 
different ways, did not exceed i' dtiring the interval 1680-1720, and 0^.5 during the 
interval 1780-1820, and I do not think this estimate will seem extravagant. In 
regard to the possible erroneous difference of longitude between Paris and Greenwich, 
it is to be remarked that observations were made at both these places during the inter- 
vals we have been considering, and in such ntimbers that the error will be nearly elim- 
inated from the lunar elements. 

However, a certain and perhaps very sensible increase in the probable errors of 
the results is no doubt to be looked for; but a partial or entire set-off against them is 
to be found in the fact that more observations are actually available than we have sup- 
posed to be included in forming the basis of our theory, and, when these are added, 
the precision of the result will be sensibly increased. 

In the preceding enumeration, I have included only classes or series of observa- 
tions. In addition to the.se, there is a great number of isolated observations, both ancient 
and modern, of every variety of excellence, which I have not deemed it necessary to 
enumerate, because their value can be determined only by comparison and discussion. 
They will, of course, add slightly to the accuracy of the data for the final determination 
of the required element. Altogether, I think there would be room to hope that we 
might obtain the secular acceleration from the modern observations alone, with a prob- 
able error of scarcely more than half a second, if only the long-period inequalities in 
the moon's motion were conclusively settled. This is something which is still in the 
futxire. 



Hosted by 



Google 



RESEARCHES ON THE MOTION .OF THE MOOM. 



§3. 

DISOUSSION" OP THE NAERATl\^KS 01'' ANOU'JNT HISTOKIAXS FKOM WHICH IT 
HAS BEEN INFERRED THAT THE SHADOW OP THE MOON PASSED OVEE 
OEllTAIN POINTS OP THE EARTH'S SURFACE DORINU CERTAIN TOTAL 

ECLlPdES OF THE SUN, 

The general difficulties in the way of obtaining; any approach to certainty re- 
specting the totality of these eclipses have been discussed in the preceding section. 
We now pass to tlie special circumstances of each eclipse. The following is, so far as 
I am aware, a complete list of the eclipses in question which the accounts of the 
narrators have been supposed to justify us in considering total. They are arranged 
in chronological order, and are selected without respect to their confirniatlon by the 



1. The eclipse of Thales, —584, May 28, of which the original narrative is in 
Heeodotus, i, 74. The eclipse is also mentioned by Pliny, Hist. Nat, ii, 12, and by 
Cicero, De Dmnatione, i, 49. This eclipse has, perhaps, been the subject of more 
discussion during the present century than any other of those under consideration. 

2. .The eclipse of Larissa, —556, May 19, discussed by Aiky in the Memoirs of 
tlie Royal Astronomical Society, vol. xxvi, and by Hansen in his Darlegung, il, p. 376. 
The onginal narrative is found in the Anc^asis of Xenophon, iii, 4. 

3. The eclipse of Xekxes, about —479, described by Herodotus, SisL, vii, 37. 
This eclipse has never been identified astronomically. Reference may be made to 
Airy's paper in the Philosophical Transactions, and to Zech's prize memoir, ali-eady 
quoted. 

4. An eclipse at Athens, —430, Angnst 3, mentioned by Thucydiues, Hist., ii, 28. 
This echpse is No. 2 of Zech's list. 

5. The eclipse of Esnius, —399, June 21, quoted from Ennics by Ciceeo, De 
Mepublica, i, 16, discussed by Hansen, Darlegung, ii, p. 386. 

6. Tlie echpse of Aoathocles, —309, August 14, described by Djodorus, BM. 
Hist, XX, 5, and by Justinus, Hist Philip., xxii, 6. This is No- 9 of Zech's list, and 
is very fully discassed by Airy "m the Philosophical Transactions for 1853, and in his 
second paper {Mem. R. A. S., xxvi), as also by Hansen in his Darlegung, ii, p. 382. 

7. Eclipse of 334, July 17, No. 15 of Zech's list, which might have been total in 
Sicily from the description of Fermicus, Mat Ast, i, 2. 

8. Echpse of 364, June 16, described by Ammianus Ma.rcellintis, Pter. Gest., xx, 
3, as total at Eoos. 

The author not being himself versed in the Greek language, the original nar- 
ratives of these several eclipses were submitted to Professor Huntington of the 
Columbian University, who kindly furnisbed translations and critical renderings of 
the several passages which have been used in the discussion. In general, it has not 
been deemed necessary to quote the original; but wherever this seemed requisite to 
form a judgment of the subject-matter, it has been done. 
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L— THE ECLIPSE OF THALES. 
(-584, May 28.) 

Tlie account byPCERODOTUS is as follows. Professor Huntington's translation is 
annexed: — 

1IL>., i(K.\,). 74. 
/IhTaSsrafjTalni'iyap dij o"A).uii.-Tyi^ i:ltSi3iii) roh; "NoW after tllis (for ALYATTBS did DOt by 



Sxiidaz iSacriovTc Kva?d/i;'{) TiAXt/in^ zulm AuSiils 



any means snrreuder the Scythiaua at thedemaiid 

of Oyaxabbs) there Wiis war between the Lydians 
ToXat M-^Soiat iYsydyes iit' irsa nf>Tv h Tinat mM/uxic; aud the Medes for the space of five years, iu 
,xh ol M7M Tob^ Aodob^ My..j„a-., ^oXXd^i- Sk ol Ao5o\ ""^'"^^ [period] the Medes ofteu conquered the 

Lydians, and the Lydians, in turn, the Medea. 
T«<i? M-^3i>ur h Si, xa\ vuy.T<),,.a.iiyiv rivd ^mir^Vo^ro. au,!^ iq this time, they also had a night engage- 
Sia^ipooffi 84 <,<pi iizi Un'; r&y tzoX^i^ow, tSj f;ir^ src-f '"ent ; for as they were protracting the war with 

equal success on each side, in a battle tliat oe- 
a>j,>.M7,'; r^^oixl^q, fro-,^,.^us &ari 'r>,<; /xdzy,-; ^u,€.tt^- g^^red in the sixth year, it happened, as the 
io^qTriviiiJ.ipr,viSaiz(-.ii<;vi,xTaYsviadat. Ti,v Si iisraX- armies engaged, that the day was suddenly 

turned' into night. Now this change of day 



Xayriv Ta!jfi}-J ry-; rjfi.iprj^ 6aXr/^ 6 Mlt^ac 



[into night] Tiiales, the Milesian, had predicted 



npiiYfupsu/Ts SusaOa:, aZpu-j xpoOi/ieyoq formird^ t.iDtiw, to the loniaus, placing as the limit of the period 

, , , [within which it would take plaoel this very 

• ' I ' ' ' I year iq which it did actually occur. Now, both 

MyjSoc imi TS sldii!' \'iixTa diri ■f/pipij'; yivophii'j, zjj^ the Lydians and the Medes, when they saw night 

, , , , . , coming od, instead of day, ceased from battle, 

nay-iiq Tj lnuuaavTii, xia aaXXu-j n sa7!si/nay y.ai a/j.ao-s- . . ,. ^- , , 

and both parties wei'C more eager to make peace 
pel slpfjrj-j ioiuroTffl ys-AirOai. with each other." 

Among the ancient solar eclipses, this is the one which has been the most cele- 
brated, and has given rise to most discussion in recent times. Yet the proof of its 
reality seems to me by no means convincing. It is true that we may consider the 
three following propositions to be individually sufficiently well established: — 

( 1 ) That a battle between the Lydians and the Medes was ended by an apparently 
sudden advent of darkness, substantially as described by Herodotus; 

(2) That on May 28, 584 B. C, the shadow of the moon passed over Asia Minor, 
as computed from the tables; 

(3) That Thales predicted eclipses. 

But that these propositions all refer to one andjhe same event I see no stifiicient 
reason for holding. Their connection may well be real ; but its reality is not so well 
established that I should be willing to predicate anything respecting the changes of 
the lunar elements upon it. It seems to me that commentators on this eclipse have 
not sufficiently distinguished between the phenomenon as seen by the contending 
armies, and the conclusions drawn by the lonians that that phenomenon was what 
their favorite philosopher had predicted. 

The simple event, as described by Hekodotus, and as we may suppose it to have 
been described by the eye-witnesses, would hai-dly even suggest an eclipse of the sun, 
or anjHhing else more extraordinary than^ the regular advent of night, except for the 
single word iHtx-Trivrf? (suddenly). But, in the ardor of battle, the combatants are 
apt to be nearly oblivious of the lapse of time, and the gradually increasing darkness 
of evening might well be unnoticed for some time, so that; when it at last interfered 
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with the progress of the battle, it would seem to have come on more rapidly than 
usual. The formation of a very dark heavy cloud about stinset, or shortly after, such 
a one as is seen fifty times to one occurrence of a total eclipse of the sun in any 
given place, might render the description literally true. If it be urged that the making 
of peace indicated something extraordinary or impressive, we may rejoin that there is 
nothing in the account to indicate it; that if the phenomenon was really that of a 
total eclipse, the night mtist have turned back to day again almost before the fight- 
ing could stop, a fact which the historian does not mention; and, finally, that the 
term vvxTofiocxiriv would hardly apply to the case of a battle stopped by a total 
eclipse in which the darkness lasted only a few minutes and the battle ceased as 
soon as darkness commenced. 

This view of the naked naiTative will not, I conceive, be disputed. The evidence 
in favor of an echpse rests entirely on the construction put upon the account by the 
lonians, or some other parties to whose ears the nai'rative came. It cannot be sup- 
posed that the combatants knew anj:thing about Thales or hie eclipse, so they cannot 
be the authority for supposing that the darkness was that predicted by Thales. Our 
belief in the eclipse therefore rests on our faith that the lonians heard a diffei'ent story 
of the battle from that given by Herodotus, and that they put a correct intei-pretation 
on the circumstances. In trying to form a judgment whether they did so, we must 
take into account what we know must have been the nature of the prediction, as well 
as the narrative of the phenomenon; because it is on the agreement of the two that 
all the evidence in favor of the reality of the eclipse rests. Now, keeping within tlie 
limits of historic probability, Thales could not have had any other data for prediction 
than a knowledge of the Saros, which gave the order in which eclipses would occur, 
and, at the most, such knowledge of the motions of the sun and moon as would enable 
him to judge whether a given conjunction was nearly central, and at what time of day 
it would occur. He could not possibly have predicted that the eclipse would be total, 
and that day would be turned into night, and could scarcely have decided whether it 
would or would not have been visible in Ionia even as a partial one. If he could 
predict one, he could predict two or three every year, without being able to say with 
any certainty in what places any of them would be visible. But any such prediction 
necessarily involves a knowledge of the exact day of occurrence of the eclipse, and 
thus the only means by which the lonians could identify the phenomenon would be 
the coincidence of the day of its occurrence with that of the prediction. Now, it is 
remarkable that the narrative says emphatically that the year was con-ectly predicted, 
but makes no reference to the yet more striking prediction of the day. 

Astronomically, we are not directly concerned with the prediction of Thales, but 
only with the question whether the circumstance described by Herodotus was really 
the total eclipse which we know occurred in Asia Minor or its neighborhood, B. C 584. 
The prediction is important only for the reason that its mention by the historian fur- 
nishes the only evidence in favor of the phenomenon being really an eclipse. Another 
very weak point in the evidence is that we have no historic data for deciding who 
first drew the conclusion , that the darkness which stopped the battle was that of the 
predicted eclipse. It may have been the lonians, it may have been some writer to 
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whose knowledge tlie occnn-ences came, and it is quite consistent with the character 
of Herodotus to suppose that it may have been himself. Since, as we have seen, the 
identification could only have properly rested on the coincidence of the day of the 
prediction with that of the battle, and since the historian mentions only a coincidence 
of year, if we accept the eclipse we must suppose that the most striking and important 
circumstance was dropped from the narrative during the interval between the identi- 
fication and the narration by the historian. If the historian himself drew the conclu- 
sion, without any other data than, those he gives and those with which we may suppose 
him to have been acquainted, then the entire evidence falls to the ground. 

Let us now consider what we may suppose to have been more or less probable. 
states of the case. Thales is supposed to liave been born B. 0. 640, and to have 
. traveled into Egypt at an early age, where he learned astronomy from the priests. 
Returning home, he probably applied this, and whatever other knowledge he may 
have gained from research and observation, to the prediction of eclipses. Ho may 
have predicted many eclipses from B. C. 610 to B., 0. 584, and longer, as he is said to 
have lived to a great age. His success in the case of the solar eclipse B. C. 584 gave 
him a wide celebrity, as we know from the tables that this eclipse was total at no 
gi-eat distance from his birthplace. That he predicted only a single eclipse is highly 
improbable; that, in addition, this one should prove to be total within a hundred miles 
of his birthplace transcends all reasonable probability. 

Some time between the dates we have mentioned, a battle was fought somewhere 
in Asia Minor, probably very far from the home of Thales, in recounting which some 
of the participants expressed surprise at the suddenness with which it was stopped by 
darkness. The story may have passed through several mouths before it reached any 
one who knew about Thales, and may have been somewhat exaggerated in the narra- 
tion. At length, it reached the ears of the admirers of the philosopher, who, recol- 
lecting what he was doing, and knowing that ho had predicted an eclipse for that very 
year, seized upon the story as a confirmation of the prediction. 

Who these persons were, and in what part of the century which elapsed before 
Heuodotus they lived, we can only conjecture. We can make many hypotheses, on 
which the probability of the correctness of the conclusion becomes smaller and smaller, 
until we approach .the time of the historian, when it vanishes entirely. Under these 
circumstances, it seems to me that while the hypothesis of correctness is not an entirely 
inadmissible one, it rests on too sHght a foundation to be employed as a basis for cor- 
recting the lunar tables. The rejection is farther justified by the uncertainty where 
the battle was fought, and the considerable breadth of the shadow, which leaves us a 
wide range for central line of eclipse. I shall therefore not make any use of the 
eclipse of Thales. 

S,— THE ECLIPSE AT LAmSSA. 

The account of this eclipse, as translated by Professor Airy, is as follows: — 

"When the Persians obtained the empire [of the east] from the Medes, the king 

of the Persians besieged this city, but could not in any way take it. But a cloud 

covered the sun and caused it to disappear completely, till [^. e. to such a degree that] 

the inhabitants withdrew, and thus the city was taken. Close to this city was a pyra- 
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mid. of stone, i pletbi-um in breadth, 2 plethra in height. Thence the Greeks proceeded 
6 parasangs, to a great deserted castle by a city called Mespila, formerly inhabited by 
the Medes, The substructure of its wall was of squared stone, abounding in shells. 
The king of the Persians besieged it, but could not take it. Zeus, however, terrified 
the inhabitants with thunderbolts, and so the city was taken." 

Professor Airy adds, "It cannot be doubted, I think, that the disappearance of 
the sun at Larissa was caused by a total eclipse." 

I confess myself unable to share the confidence of the Astronomer Royal and of 
Hansen that we have here a total eclipse of the sun. The narratives of these times con- 
tain many accounts of wonderful occurrences, in which we know that a liberal allowance 
is to be made for the flight of the imagination; and it is not entirely logical to accept 
unhesitatingly all those statements which we can reconcile with our knowledge, while 
we reject all others. No doubt, if we knew the day, or even the year, of the event 
described by the historian, and found it to be identical with that of a total eclipse, we 
should be justified in accepting the coincidence without question; but as the uncer- 
tainty of date increases, the probability of coincidence becomes less and less. If, at an 
epoch so remote, we have a century to find our eclipse in, we can select any place at 
random, with a decided preponderance of chances in favor of our finding one or more 
eclipses which, making allowance for the uncertainty of the tables, may have been 
total at the point selected. It appears that the Astronomer Royal had a period of 
forty years to find the eclipse in, and the fact that one was found in this interval may be 
considered as rendering the hypothesis of an. eclipse somewhat probable. Notwith- 
standing my want of confidence, I conceive the probability of a real eclipse to be 
greater than in the eclipse of Thales, while we have the great advantages that the 
point of occurrence is well defined, the shadow narrow, and, if it was an eclipse at all, 
the circumstance of totality placed beyond serious doubt. 

;j.— the eclipse of XEKXES (Zuch, No. 1). 
C— 477 to — 4S0, spring of year, ) 

This eclipse occurred during the march of Xeexes against Greece, in the same 
year in which the battle of Salamis was fouglit. 

The descriptions are found in HERonOTus and Aristtdes. 

From Herodotus, vii, 37: — 

"When the army, having come out of their wintorquarters, in the opening of the 
spring, fully equipped, set out from Sardis, for the purpose of marching to Abydos; and 
when they had begun their march, the sun, leaving his seat in the heavens, was con- 
cealed from view, and night instead of day came on, though the weather was not 
cloudy, but was exceedingly clear." 

From Aeistides, Scholiast., ed. Fhommel, p. 222 (quoted from Zech, p. 39): — 

"As the king was going against Greece, and had come into the region of tlio 
Hellespont, there happened an eclipse of the sun in the east; for it portended to him 
his defeat, that the sun was eclipsed in the region of its rising, since Xerxes also was 
marching from the east." 

If any justification for entire want of confidence in the eclipse of Thales, and in 
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ancient total solar eclipses generally, were required, it is found in the fact that this 
description cannot be identified with any total eclipse of the sun. Of all descriptions 
of such eclipses by the Greek historians, this is the one which is, all things considered, 
most clear and explicit. No known natural occurrence but a total eclipse of the sun 
could give rise to the circumstances described by Herodotus. The place and the sea- 
son are clearly specified, and the year is one about which I am not aware that chro- 
nologists have entertained any serious doubt. The time of day (morning) is obscurely 
indicated by the account of Heeodotus, and clearly stated in that of Aristides; yet the 
astronomical tables seem to show in the most conclusive manner that no total eclipse of 
the sun could have been visible at Sardis at that time. I am not aware that any one . 
has given any explanation of the occurrence which will reconcile the statement with 
the tables. Professor Aiet considers the most probable explanation to be that the 
eclipse was not one of the sun at all, but that of the moon which occurred B. C. 479, 
on the morning of March 14.* On this theory, the circumstance first to be remarked 
is that it is clearly incompatible with the narrative. The incompatibility is explained 
by Sir G-eorge by supposing that Herodotus was mistaken in the single circumstance 
of the eclipse being one of the sun, that historian repeatedly expressing himself "doubt- 
ful on matters of detail which occurred during the movements of Xeexes on the eastern 
side of the Aegean sea". While, however, such a mistake as the substitution of the 
moon for the sun is quite possible, it must be admitted that the words "instead of day 
it became night" cannot be thus explained. The explanation, therefore, how probable 
soever it may be, presupposes so much play of the imagination on the part of the his- 
torian as to render him unworthy of that amount of confidence in matters of detail 
which would justify our changing the lunar tables to accord with his statements. 

ZECEf proposes yet another explanation, namely, that the eclipse in question was 
thatof — 477, February 16, which, according to the tables of De Damoiseau, was annular 
at Sardis. If this were correct, it would be necessary to change the usually received 
date of the battle of Salamis by two years. The question is, however, one of purely 
chronological interest, because, if the eclipse was not total, no conclusion can be drawn 
from it astronomically. The accounts of the historians do not enable us to decide 
whether the annulus was formed at Sardis; hence no conclusion respecting the posi- 
tion of the central line can be drawn. 

4.— THE ECLIPSE AT ATHENS. 
■ (-430, August J.) 

The following is the translation of the description by Thucydides, ii, 28; — 
"But in the same manner, at the new moon of the month, — as even in that time 
alone it seems to be possible for the phenomenon to occur, — the sun was eclipsed after 
midday, and having assumed a crescent form, some of the stars having also appeared, 
it again became full-orbed." 

From the circumstance that stai's were visible, there would seem to be a consider- 
able probability that this eclipse was total. This probability is lessened by the fact that 
Thucydides describes the sun as having assumed only a crescent fonu, and by the con- 

" Philosophual Transactions, 1853, p. 159. 
Mjk.cH., pp. 4C--43. 
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sideration that it might have been elsewhere than at Athens that the stars were seen. 
Still, as the sun must have been a crescent before and after totality, I think the proba- 
bihty in favor of the totality of this eclipse is as gi-eat as in the case of any other of 
those under coiisideration, though not sufficient to justify the introduction of an equa- 
tion founded on it 

S.— THE ECLIPSE OF ENNIUS. 
<-399june2i.) 

This eclipse is introduced because some stress is laid upon it by Hansen. The 
description rests upon the following extract from Ciceho, Be BepuUica, i, i6: — "Ennfus 
scribit anno CCCL fere post Romam conditam Nonis Junis soli luna obstitit et nox." 
The probability that this eclipse was total at Rome does not seem sufficiently great to 
render it worthy of farther consideration. The tables show that there was a total 
eclipse about the time of sunset; but I see no reason in the statement quoted for assum- 
ing that totality occurred before sunset, or that there was any total eclipse at all. 

fi,— THE ECLIPSE OF AGA.THOCLES. 
(—309, August 14.) 

Of all the ancient solar eclipses, this is the one of wliich the totality may be con- 
sidered as b^st established, and to which, therefore, we should have least hesitation in 
making the lunar tables conform. Unfortunately, there is a doubt whether Agatho- 
CLES, in his passage from Syracuse to Carthage, went on the north or the south side of 
Sicily. The arguments on the two sides are so evenly balanced that the question can 
be decided by the lunar tables alone. This renders the point where the eclipse was 
total so uncertain that the eclipse itself is of little use. By a singular fatality, the 
admissible limits of the position of Aoathocles correspond almost exactly to those of 
the limits of the moon's secular acceleration. The shadow was unusually broad; and 
between the two extreme hypotheses, (i) that Agathocles was south of Sicily and the 
centre of the shadow south of his position by its semidiameter, and (2) that he was 
north of the island a.nd the centre of the shadow yet farther north, all intermediate 
ones are equally possible. While, therefore, we may be justified In making it a test 
of the coiTectness of the lunar elements that the computed shadow should fall between 
these limits, we cannot determine those elements from it. 

7.— ECLIPSE OF -217, FEBKUAKY ii. 

I was led to consider this eclipse from a statement respecting it by RicciOLua, who 
says {Almagesttim Novum, p. 365), "Addit Silius Italicus densas fuisse & immensas 
tenebras in Calabria & subductam esse diei lucem." But, on referring to the original 
authority, we find the ecHpse to become indefinite. The lines alluded to occur in 
describing the wonders which preceded the battle of Cannge (viii, 634), and are: — 

" Quaesivit Calaber, subducla luce lepente 
Immensis tenebris, & terrain & litora Sipus : 
Obseditqiie frequ 



T find that in this eclipse the central line was far down in Africa, so that it may 
be dismissed with but a single reflection. If so great a misapplication of tlie words 
of a narrator can be made by an astronomer of the seventeenth century, what are we 
to expect of the ancient historians, and especially of Herodotus? 
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S.— A. D. 360, AUGUST 2;. 

This is No. 16 in Zech's list, and, from the description given by Ammianus Mae- 
CELLiNUS, would appear to have been total in Eooa. But the tables show the ecHpse 
to have been annular, so that we can deduce nothing from it. 

MEDIEVAL ECLIPSES. 

Belonging to the safno class with those we have cited, but too modern to be deci- 
sive of the question of the moon's secular acceleration, are the eclipse of Stiklastad, 
A. D. 1030, and the total eclipses in which the shadow of the moon passed over 
Central Europe in the years 1 140 and 1 143. The last two have been very carefully 
discussed, and many points at which the eclipse was total determined from the chron- 
icles of the times, by Celoeia of Milan in his two papers* published in Memorie del B. 
Istituto Lombardo di Scieme e Lettere, vol. siii. 

The preceding list includes, so far as the writer is aware, all the ancient solar 
eclipses which have been considered total at any definite point of the earth's surface- 
The general conclusion to which we are led is that there is no one of these eclipses 
which we can feel reasonably confident was total at a definite point. The proportion 
of the eclipses which we know from the tables must have been annular, or, at least, 
which were not total at the points to which they are referred, is so great as to destroy 
any confidence which might have been felt in the others. Still, if one value of the 
secular acceleration should represent them mucli better than another, it cannot be 
denied that this fact might militate a little in favor of that value which best repre- 
sented them. While this consideration cannot aid us in determining the value of the 
secular acceleration, it may help us in deciding which of several competing values is 
the most probable. To enable the reader to judge of the application of this test, I 
arrange the eclipses in what seems to me the order of probability of totality, judging 
from the narrative alone, adding the place where each was supposed to be total, 
(i) Eclipse of Agathocles, —309. Total in or near Sicily. 

(2) Eclipse of Xeexes, —479? Total at Sardis. 

(3) Echpse, — 430. Total at Athens. 

(4) Eclipse, +360- 

(5) Eclipse of Xenophon, —556. 

(6) Eclipse of Thales, —585. 

(7) Echpse, +334- 
Of these seven eclipses, the second cannot be identified, while tlie fourth and 

seventh must have been annular. We have therefore only four left to test the tables. 
Of these, the eclipse of Agathocles, the only one in which I can regard the fact of 
totality as well made out, allows a range of several seconds in the secular acceleration 
The uncertainty of tlie remaining three, that at Athens in the year —430, and those 
of Larissa, and of Thales, has already been discussed. Altogether, it does not seem, 
to, me that much light will be thrown by these eclipses on the question of the moon's 
secular acceleration. It seems to me that the most logical course is to obtain the secular 
acceleration of the moon from other data, and then to undertake the discussion of the 
historical evidence anew. 

' (l) Sull'Eclissi Solare Totals del 3 Giiigno 1239. 
(2) Sugii Eclissi Solari Totaliddl Ciugno izjj e del 6 Ottobre 1241. 



Total at Eoosi 
Total at Larissa. 
Total in Asia Minor. 
Total in Sicily. 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 



THE PTODEMAIC ECLIPSES OP THE MOON" EEOOEDED IS" THE ALMAGEST. 

The most complete discussion of these eclipses is that of Zech, already quoted, in 
wliicli, however, the treatment is such as not to lead to any definitive result. Zech's com- 
parisons were made with the tables of De Damoiseau, Hansen's tables being still un- 
finished when his paper was prepared. My general plan of proceeding is this: — Fi'om 
the data given by Ptolbmy, and from his interpretation of the data, I form what seems 
to me the best judgment of the time at which any g'iven phase was actually seen by the 
observera, and of the probable error of this time, taking care to do this without any 
knowledge of the way in which the tabular results will come out. For an epoch near 
this time, the positions of the sun and moon are computed from Hansp::n'b tables, and 
thence the tiifies of the geometrical phases of the eclipse.. This dm.e is then compared 
with that observed, and an equation of condition thence deduced. In the equations, 
the only indeterminate quantities which it is worth while to include are the moon's 
longitude and tiie eiTOr of the estimate of the phases of beginning and ending, arising 
from the fact that the eclipse must have advanced past the phase of beginning before 
being seen, and must have disappeared before the actual ending 

In computing the places of the moon, I have not deemed it necessary to take into 
account the small terms which are included in the tables of double entry, as their 
probable sum is far below the probable error of the individual observations. The 
sum of the constants added to these tables, or 0.0022240 in units of the fundamental 
argument, has, however, been included with the terms, to avoid any constant error 
arising from this source. 

The positions of the places of observation — Babylon, Rhodes, and Alexandria — 
have been taken from Zech, as follows: — 

Babylon, 2'' 56'" east from Grreenwich; latitude, -|- 32° 15'. 
Rhodes, i'' 53" east from Greenwich; latitude, +36° 27'. 
Alexandria, 2*" 00"" east from Greenwich; latitude, -[-31° 12'. 

Ptolemy's descriptions of the several eclipses are as follows : — 

(') 



sU-jfuiisv ■Kaka.imv rpimy ixhl'/'siuy h "Of tliethreeaiicieiiteclipses whicb we have 

taken from those observed in Biibylon, the first 
is reeonlert as hiiviiijj oocarreil in tlie first year 

■ rat ysymma r^ Tcpfuriu sr-i HapdiixenadSiiO, kit' AlyiiK- ^f MABDOOBMPADUB, aCCUrdlllg lO fthti reckou- 

Tiou^6d,»^od^Tiiyr. lipHT<, di,<pr,<n.,hXui:^iv i^^^a '"S oH ll>e Bg.vptiaos on the 29tli day of tUa 

month Thoth, toward the 3l>th. It begaii to be 
tijv -ii-aroJ^i-, p.iS.'; S>pa^ havrnq nap^Sni'i^jj^, xai. l^ih- Q^^MpsnH, it is Said, after its rising, when one hour 
TTEu SItj. had quite far passed, and the eclipse was total." 

The term ixavm? 7rape'K.9ovaTj? seems to admit of some latitude of intei-pretation. 
ProLEMY assumes the interval to be an hour and a half, Haktwiq an hour and a quar- 
ter. According to Zech, the moon rose at 5*" 53". Ptolemy himself must be considered 
the best judge of the somewhat indefinite language used, and, on the other hand, the 
interval after moonrise was probably nearer one hour than two hours. I shall assume 
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a mean between an honr and a qnavtor and an hour and a half as? the most probable 

interval, making: — 

Babylon time of observed beginning- 7'' iS" 

Correction for longitude 2*' 56™ 

Greenwich mean time 4'' i g™. 

The probable eiTOr of this estimate I consider to be 12 minutes, tlie interval of 

time being so short as to admit of comparatively accurate estimate. 

H 8k dsuripa tSv ixXeOt'smy SivaYiypaitTat yspi- "The secoiid is recorded as having occurred 



1 rip Ssuripifi irsi ■mo ab-rou MapSoxs/ixiiSou /. 



in the second year of the same Mabdocbmpadus, 



_ _ on the i8th of Thoth, toward the 19th. It n 

j-oTtrim':^ e<!>.^ 171 ^^5 ri/i' i&. ESiUr.s Si, ^yi^^v, dad eclipsed from the south three di^ts in the middle 
vStiiu daxTaXaot rpsXi; abroo -rnh ix^ffovuxTioo. of the nigLt," 

The indefiniteness of the time renders this eclipse of very little value for our 
present purposes. 

The estimate of magnitude formerly served to determine the motion of the moon's 
node, but this can now be learned with far more accuracy from modern data So far 
as any indications are given, the middle of the eclipse was at midnight, a statement of 
which the probable error may be 40 minutes. We have, therefore : — 

G-reenwich apparent time of middle g*" 4*" zb 40"' 

Equation of time +14"' 

Greenwich mean time 9'' 18". 

(31 
H 8s Tplrij tSv hXsltpsiuit avayirpanTac Yiyovuta "The third is recorded ;i3 baring oucurred 

Toi a&rffi dsuripui Srsi rnu MapBiixEintdSoD xar Alyi/a- iu the Same SeCOnd yearof MAHDOOBMPADnS, the 

Ti'uu; ^a^si-aii? is dg r^i- iq. ffp^arti di, (ftiTif, ixh:- 15th of Phatnenoth, to vard the r6th. It began 
xeiv (wrd rr/y ivarnX^v, xai i^iXtns^i in' ap-iTuiv ttX^wv to be eclipsed, it is said, after the rising, and was 
TOO Tjitlaow;. eclipsed from the north more than the half." 

The moon rose, according to Zech, at 6^ 29" local time, or 3'' 33™ Greenwich mean 
time. We can only conclude, from the data as expressed, that the eclipse had not 
become perceptible at this time; but, on the other hand, had the interval been, consid- 
erable, say one hour or more, it would probably have been described. Ptolkmy sup- 
poses the interval half an. hour I shall assume it to be 25 minutes, with a probable 
error of 20 minutes, which will make the 

Greenwich mean time 3'' sS"" ± 20™. 

(4) —620, April 21. 

rsj yap yIix-ktw st^! Naiionolaaaapim^ S ioriv pf^"-' "In the fifth year of NAROPOLASSAR, which 

-. is the iz7th year from Nabonassae according to 

'^ ' ' ' s ^ , 1 the Egyptian reckoniug, on the 27th of Athyr,to- 

T^v xTj 3)pa<; la iij^-ouff);?, if Ba^uXZyi ^pSaro vj a^Xpij ward the 28th, at the closing of the eleventh hour 



in Babylon, the moon began to be eclipsed, and 
was eclipsed mostly on the south a fourth of the 
/lizpou. diameter." 



i mXi7:s rd ^XsTryrvi' d!:& -jotitu S' rijs 3 
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The time here indicated is 55 minutes before sanrise, which occurred at if' 36" 
local apparent time, or the local mean time of beginning- is 16'' 37", the equation of 
time being — 4™; and the Crreenwich mean time 13'' 41". The probable error may 
be estimated at 15 minutes. 

(5) -522, July 16. 

Udh'j Hij tS, 1v St^i Kaiifidffiiu, S inn gii"" sToq "lu the seveotli .year ol Oambyses, which 

is tbe 22sth year I'roui Nauonassar, accortiing 

AKd Na^ovaaedpoo, x«t' Alyoi^rwo^ <Pa,^,.M iZ e!<: rp ^^ j^^ Egyptians, Oil tLe lytli of Phameuotli, 

- 1 . » . ■ J » i~ j-i) toward the iStli, one bour before raidniKht id 

BybyloiJ, tlie moon was eclipsed from the Qortb 
^ asXiiini Alt' SfiXTioi- zd ^luau rr/q Sta'd-pou. one halfof her diameter." 

We have then : — 

Estimated local apparent time of middle of eclipse . 1 1'' 10'" 

Equation of time — i"' 

Greenwich mean time 8*" 13° i 24'". 

A large uncertainty of phase is to be added to the probable error. 

(6) — 501, November 19. 

AeuripaSk, ysvii- "The aeeond eclipse happened iu the 20th 

liivij Tip X ETEi Aaptloii tdv p£tA Ka^ifiucnjv, xar' Alyoiz- year of Daritjs, successor of Cambysbs, on the 

riiiuq £1:1^1 xTj E?? T^v }cd, T^c vux-rd^ TtpoeXdooaijt; latj- aStU of Epiphi, toward the 29th, the night iiaving 

pspcvd'; Sipw; •; y", xad' Tjii I'luoia/^ i^iXi-asf ^ iy^?.-^'j-ij u-aii advanced 6J equinoctial hours, the moon was 

v6too t& S' -njz Staphpoti, eclipsed on the south J of her diameter." 

The sun set at 5'' ri'" apparent time; the equation of time being — 13™. The 
mean time here indicated is 1 1'' 18'°, and the result is : — 

Greenwich mean time of middle of eclipse . , . . 8'' 22" ^ 25"'. 

(7) —490, April 25, 

Eld^iiii^y dij izpaiTij'.! psv S/lsiipiv T-ijn liti Aapsino " We have taken an eclipse observed in the 

■ziih itpijnuu r£rjj/»j;/!^j'vjv iv lla^iiiSiyt Tip T^pairoi xa'i time of Dakius the first in Babyloii, iu his 3l8t 

rpiaxiuFT^ aiiToo Sret, /.in' Alyunuiiu; TujSi y s!^ ttjv s, year. On the 3d, toward the 4th of Tybi, in which 

i3|0as 5 liiat]^, xaff T}v dianafsXrai urc mhi7:sy -^ seXijvT} it is shown tb*t in the middle of the sixth hour- 

d-ad vtmiu Say-tuXow; J. the moon was eclipsed two digits ou tbe'soutb." 

, The local apparent time here indicated is 1 1'' 28'", the equation of time — 5™, the 
Greenwich mean time S^ sy"'-; probable eiTOv, 25 minutes. 

(8) — 3S2, December 22. 

.... ysyovioat dk fijvrpmzTyj &px"-jT(>'^ AOij'/r,<y: " PHANOSTKATEB being archou at Athens, 

0av'KTTpd-oLi, pijvdz IliHT^cSsaii/iK;, xai hisXotTziva! nji/ the moon was eclipsed at Babylon in asmall pait 

ask^vT]^ ^paxh p-ipoj r.iu xbxX'iu, and Ospi/T,:; «yar»^i}?, of her orb, on the aide of the summer rising, when 

r%qvuxT&q hitTzno ovroq rip.impwu. Ka] iV:, fr/nh, h- One balfbourof the night was Still remaining, and 

Xsiitiioaa s8u, . the mooii was still eclipsed wheiD it set." 
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The first time here indicated is 36 lUiDutes before sunrise, or 18'' 28"° local appar- 
ent time, and 18'' 3!™ mean time. We have, therefore: — 

Greenwich mean time of a small eclipse 15'' 35'" -4-; i o'". 

(9) ~38i' June i8. 

ndXiv rijv i^rj^ ixX^li^-iv ifqiTi y^yovii^ai, ^py/Kfa'; " PllANOSTBATISS being arohon ilt AthtiUS, 

A9-/j'j-f/'rc ta^jiiaTpaTii'}, Zxipfipnptoivn^ /tijvi?, Jiar' Alyuit- Oil thp 24th of Pbameiiotli, toward the 25111, it was 

Tioix; M ^a,ii£v!lil) x^'sk t^i' ^e- ES^Mite di fijuiv and said to be eclipsed ou siimtner rioiiig [at Baby- 

^epivTjz AvaTnlT/q Tj,^ Trpilirq'^ &l>a': itpfisktjXndulaq. . . , loii|, tbe first Iionr being passed. TLe whole 

AkK ixst <S 7td.<; xpi'vii^ r'jq ixKilinni-; iapSi\> zp'.iav ava- duration of tbo euHpsB is recorded aa tbree 

ypatfSTo.1, hours." 

The date is —381, June 18.. The sun set at 7'' 3'" apparent time, or 6'' 57" mean 
time. The Interval mentioned may be roughly estimated as something more than one 
equinoctial hour, say i hour and 7 minutes, with a probable error of 10 minutes. 
We have, therefore : — 

Local mean time [of beginning (I)] 8'' 4"' 

Greenwich mean time [of beginning (?)] 5" 8"" 

Greenwich mean time of end 8'' 8'". 

(10) — 381, December 12, Babylon. 

£f^ii!rs U, fJiTii', 8?.Yj ap-aiihij d.Tto dspivio-j ava- "It was said to be totally eclipsed, having 

Tuioii- S &P&V -api^^Koltmm. begun on the summer risiug, four hours having 

gone by." 

The sun's semi-diurnal arc at Babylon was s^ 5™, the length of the temporary 
hour was neai'ly i*" 10"' , the four temporary hours would have been nearly 4 hours 
40 minutes; and as they had already passed, we may estimate the probable time at. 
4'' 50™ after sunset, with a probable error of 24 minutes. The equation of time being 
— 3™, we have : — 

Local mean time of beginning 9'' 5 2™ 

Greenwich moan time of beginning 6'' 56™, 

(11) — 200, September 22. 

xaO' -Qv ^pSazn ph txkd-Ktt)/ "The mooa begaa to be eclipsed, on the one 

n ff^Mv-ii np& YinimpUi'j rij^ nvra™^;;?, 'inyarnv i5= Avsitl-q- hand, half ail bouf befora the risiug, but was 
p6!h, T/)i'rij? &pa^ f/.^rrr/';. flUed up again in the middle of the third hour." 

If H1PPARCHU8 is here fully and correctly quoted, which is very doubtful, he 'must 
have had a very indefinite idea of the difference between a calculated and an observed 
phenomenon, speaking as he does of an eclipse commencing half an hour before it was 
possible for the moon to be seen. Still,, as the half hour is probably the result of an 
estimate from the magnitude of the eclipse at the time the moon first became visible, 
it is not without value. The moon rose at 6*" o" apparent time, which was 5'' 53" 
mean time. The middle of the third hour was about S"" 32" apparent time, or 8'' 25™ 
mean time, making the Greenwich mean time of ending 6^ 25" ± 12°. 
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(12) — 199, March 19, Aloxancb'ia. 

Hp^aro di n/^ vo^trdc KjioskdwnSi'j iipvyj s v.id. "It bejfaii wlieti sJ hoiirs of the night were 

TpiTTiitofdoii, xa^ k^iliTzsv SXij. passed, and it was total." 

Tills' is 1 1'' 19™ appa.rent time, r 0' 29'" local mean time, and 9'' 29" GTreenwich 
mean time. 

"^' ('3) — i99i September 11, Alexandria. 

HpSo.To 3^ Tr,^ voxTdi vposl&ouamn ^pSv"^ y'^^xai " It bogaii 6| hoiirs of the night haviug 
i;i}.tKvj S?.yj. Kai z&-i pit'iv Ss r^? kxXsi'!isoi<; j^p&^tiv passed, and it was tutal, and the middle of the 
frjoi ysyovivat 'Kipi Sipaq pahmii ^ xa! ■rpiTtifj.upi.ov, eolipse arrived, he sajB about 8J hours of the 
Light." 

Here we have again, in the "middle of the eclipse", a time given which it was 
impossible to observe, without any indication of the data from which the time was 
derived. As the eclipse was total, the most natui'al data would have been the ob- 
served times of beginning and end of totality, which would be far more accurate than 
the obseiTcd times of beginning and ending of the partial phase. The times indi- 
cated are : — 

Local apparent times 12'' 41"' and 14*^ 25'" 

Local mean times 12'' 38'" and 14'' 22'" 

Greenwich mean times 10'' 38™ and 12'' 22'". 

(t4) — 173, April 30, Alexandria. 

" 'i'u> Ti>ho> iv ^rst ^dop.>jTi>poq, liTT! ipa'a^" axi "In the 7th year of rniLOMBTKE, whiutj is 

the 574th from NAB0NASS4U, on the 27th of Pha- 

Nc^ovaaaAput), xar Alyoi^Tloui; $aiitvm>'> ^^ sh r^v iij, menoth, toward the aStli, the moon was eclipaed 

, - , , ,.,'... in Alexandria from tlie beginning of the eiglith 

iSUiitsv -q asl-fy^-tj Th Tzlsi<nov ai: SpxTv/u tia/.Tt/Uug %. uovtli. Seven digits." 

These times are : — 

Local apparent timew 12'' 54" and 15'' 37" 

Local mean times ... .... 12'' 48'" and 15'' si"" 

Grreenwich mean times 10'' 48'" and 13'' 31"'. 

(15) —140, January 27, Rhodes, 

ilAlvj 3tj tS) ii'^ 'iTsi TY)Z TpiTTji: xara K'iMT!7!m "... the 6o7tli year froiii NaronasSAb 

TzzpiASiio, S iitT!)/ xi »'^'5 Na,3ovai7adpou. xar' Aiyur.rwuc; [Egyptian reckoning], the second of Tybi, toward 

Tt>^i ^ slq rijv Y, oipai; e Apxciiivq';, iv PdSip ijp^azo the third, at the beginning of the jth hour in 

ixXsiitstn r/ itsXriy-q /laX iizsaxoTq^ ru ir^tTirroi' aizd viirwu Ehodes, the mooii bogun to be eclipsed, and was 

Say.7uX<}iiz_ y. obsuured, mostly on the south, three digits." 

This is 9'' 42™ local apparent time, 10'' o'" mean time, and.S'' 7"" Gi-reenwich mean 
time. 
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(i6) 125, April 5, Alexandria. 

"On tbe 17th of Paclion, toward the i8tli. 
3} equinoctial bours before midnight, the inoou 
was ecliiised the sistli part of her ijiameter on 
the south," 

24™ apparent time, 8" 26'" moan time, and 6'' 26'" Greenwicli mean 



S cTei ASpta.vo\>f xar' AIyuktuio^ [layjbv c^ slq t^v itj, 
■apd Tpt&v i)pmv laijpspivSiv %dX -rpiZt i^lp/KTiuv p.ia,^ &paq 
TOO pssonuxriou, xaff ^v Citoiuiq i^iluitsv tj asXijyi) t6 
ixTov fj.ipii'^TTjq Stap-iTpoo d.Tth psmjii^piaq. 

This 



(17) 133, May 6, Alexandria. 

llaki)^ iSv dlijifaixs'^ TpiSi'j h.Miii^ioi' ix tiSj. iirt- " Of tbe three eclipses whioh we liave taken 

psXiarara ^piv kv Ake^avSpsi^ reTTjpTipii'aiv, -f/ ij.h izp6TTi from tliose vwy carefully observed by us in Alex- 

Yiyiivs T^ fC srei Adptavoo, xar AtyuKTwu:; HaO'A x siq audria, the flifit occurred in the 77th year of Ha- 

T^v xa. Tdv Bi piaoy -(payov axpi/Hoq iicsKoytadp^&a DRiAH.on the 2oEh ofPnyui, toward the 2ISt. We 

Yeyiivivai upb ^fiiaouq xai rsTdprm pia^ &pa<; tar)pi:pty^g acourately noted tlie inid-tiuie to have been one 

Tim psanvvxTwii- xal k^ihizsv Skij, xati' %■, 3>pa« axpc^w.; half and one fourth of au eqaiuoctia! honr before 

ixilx-" '^ ^Xcoq Tiw Taiipuu piiipaq ly if 'iyx'-'TTa. midnight, !ind it was wholly eclipsed." 

The apparent precision with which tlie time is here expressed tends to inspire 
confidence, although we still have no data respecting the manner in whioh it was de- 
termined. Tiie apparent time being 1 1'' 1 5'", the local mean time is 1 1'' 8'", the Green- 
wich mean time g*" 8™. 



(18) 134, October 20, Alexandri^ 



"The secpnd occurred in the 19th year of 

HADRtAN, the 2d of Choiae toward the 3d: the 

mid time we noted to have been one equinoctial 

honr before midnight, and it was eclipsed on the 

xTimi, north one third of the diameter." 

1 1*" apparent time is here 10'' 46'" mean time, and 8'' 46"" Greenwich moan time. 



R Sk SsuTipa Yiy<yjs Tip d) st^i ASpta- 


vou 


Ai}-oirT{oo<; Xoidx ^ st<; t^i^ y. Tdy S^ td>To-. 


U 


iKsXayi-jdp.s-'i^a. y^ymivo-i npi a Sipaq iiTTj/ispr 


■'7,^ 



(19) 136, March 5, Alexandria. 



// Ss rpir-Q Tmy ^xksi'l'su/y ylyuvE rip x Stsc ASpia- 
«ou xaT' AlyoKTUw; $apfwii>fi tOsk Tfj x. Tbv He pi- 
aov ipaynv iTzskoyiadiis^a ysyoyivai p^tA S &pag iir/jps- 
plvA^ Tou iizaavuxTid'j- xii} iSih-^s rd ^/lirro r^c '>.ap^- 

TpOU dl^ ipXTIOV. 



"The third eclipse hap|)eiied in the 20th 
year of Hadrian, on the 19th of Pharmouthi, 
toward the 2ofcli : the mid-time we noted to have 
been four equinoctial hours after midnight, and 
it wiis eclipsed the half of its diameter on tbe 
north." 



16"^ apparent time was then 16" 14'" mean time, and 14" 14'^ Greenwich mean 
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This completes the series as given by Ptolemy. The tabuliir posltious of the sun 
and moon derived from Hansen's tables for epochs of Greenwich mean time near the 
observed phases are shown in the following table. These places have all been com- 
puted in duplicate, the two computations being made by two separate computers. The 
motions in longitude are for o.oi of a day, as the tables most conveniently give them. 
The motion in latitude is supposed to be j\ that in longitude, positive at the ascending 
and negative at the descending node. The node can be identified by the value of 
/+ o, which is the angular distance of the moon past the ascending node. 

It may be remm-ked that the probable eiTor of tJie longitude ai-ising from thy 
omission of tho terms in the tables of double entry is about 24". 







Tai'iihr Data for Eclipses 


oj the Almagest. 










:: 


- 7'9, Jlar. 8 
~ 719, Sep.. . 

- 6^, Apr, =1 

- 5==, July 16 

- 501, Nov. 19 

- 49°. Apr. 15 

- 382, Dec. 5j 

- 3S1', Dec. 12 

- .99, Mar. 19 

- .59. Sep.. i> 

- 173, Apr. 3= 

- 140, JaQ. =7 
+ iS5,Apf. s 
+ T33, May 6 
+ 134, Oct. 20 
+ .36, Mar. 5 


"°;E 


Mooii'g 
LoiiSituile, 


■ 11-.01. 


,..:■■„. 


6 


/■\ " 


0's Lour, 
(Hansen), 


©■s 
Semidiam, 


Molioii in 
0^,01. 


-:: 


=86 37.= 
51 4^.8 

173 56.4 
=33 56.1 

.63 si.s 


7-4S 

7.56 


53.4 


+ « 3.6 
+ 46.7 

- 40.9 

+ I ..6 
+ 46.S 
+ ° 33-4 

+ 4.9 
+ 0,1 

+ 46.6 

+ 57-4 


til. 6 

169,8 

16S.1 
348.7 

356.0 

173.8 
i8d.8 


^7 =.o 
.76 0,7 

.as 1.7 

io6 13,1 

344 36.9 




5 48 


I 


58 

S3 
58 



Owing to the somewhat indefinite character of the data given by Ptolemy, it will 
assist the judgment to present both his statements and the tabular results in a form in 
which they can be best compared. This is done in the following table, £i-om which 
the reader can obtain a clear view of the comparison. The deduction of the immbera 
in the third and fourth columns has been given with the separate descriptions of the 
eclipses. They therefore need only these two remarks: (i) that the probablo en-ors 
are the result of judgment from the terms of the description rather tiian of calcula- 
tion; (2) that they were estimated without any knowledge of the way the comparison 
with theory would come out, and are printed without subsequent alteration. 

In the column of "Phase described", A means magnitude of tho eclipse. Tho 
tabular time of geometrical phase gives the time of beginning, middle, or end, as the 
case may be. The quantities A^ and Aa in the last column represent respectively 
the number of minutes a centiul eclipse may be supposed to have advanced before the 
observers would see it, and the number of minutes before the end that the observers 
lost sight of it. From eclipses (9), (13), and ( 1 4), the only ones of which both beginning 
6 75 Ap. 2 
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ami end were obsei-vetl, Ai + A^ comes out — lo™. But tliey must both be positive, 
and this result only indicates tliat thoy ai-e very small. I shall put coiijecturally 

A,-,V" 
A, = 2"'. 



No. of 
Eclipse 


Date. 


Mean Tunc, 
inilicaledby 
P roi.EiiY. 


Prob, 
Error, 


Phase 
described by 

Ptolemy. 


Tabular 
Du ratio n. 


Tabular Time 

of Geomct. 

Pliase. 


Corr. to Tabular 
Time. 


3 

5 
G 
7 

'3 

i6 

17 
iS 


-72o.Mat. ig 
-719, Mac. S 
-719, Sepl, I 

— 620, Apr. 21 

— 522, July 16 

— 50T,Nov. ig 

— jgo, Apr. 25 

— 3S2, Dec, 22 
-3S., June IE 

--3Sr,Dec. 12 

— 20O, Sept. 22 

— igg, Msr. ig 

— lyy, Scpl. II 

— 173. Apr- 3c 

-140, Jan. 27 
+ 125, Apr, 5 
+ 133, May 6 
+ 134, Oct. 20 
+ 136, Mar. 5 


// m 

4 ig 

g IS 
3 58 
13 41: 

8 27 
'5 35 

5 56 
3 23 

6 25 
g 2g 

10 3S 

10 43 

13 31 

6 2f) 

9 8 
S ib 

IJ 14 


40 
IS 

24 
24 

24 

3? 

15 
i3 

iS 

15 
15 


Beginning . 

Middle (?) . 
Beginning . 
Beginning . 
j Middle (?) ) 

) Middle (?) ) 

1 Middle (?) ( 

Small eclipse 
(conimenc'g). 
Beginning . 
End . . . 
Beginning . 
Begin, (est,). 
End . . . 
Beginning . 
Beginning . 
Middle . . 
Beginning . 
End . . . 
Beginning . 
(Middle (?)l 
1 '^=h ) 
Middle . . 
Middle . . 
Middle . . 


i.g 
2.4 

2,6 

1.6 

34 
3.0 

3-'"' 
3.6 

3^3 


k m 

8 '5 
3 IS 

12 57 
? 

3 17 

n 52 

4 2; 
6 51 

5 57 

2 57 

5 5S 

3 ;t 
10 13 

12 3 

10 4 
12 45 

6 44 
6 36 

S 38 
8 33 


+ 63 

4- 43 - i-S-Ji 
4- 44 - 3-Sii 
4- 13 

\l 

+ 43- i-5ii 
+ 77 -h 1-5^^ 
4- 59 - I'l-^i ' 
4- 26 
4- 30 + i.;fl^ 

4- 38 - I. Oil 
+ 25 - 1,0^1 
+ 19 

4- 44 - 1.4^1 
4- 4' + 1.41s ■ 
4- 83 - 2,Oi, 

+ 30 

+ 13 

+ 48 ! 
1 



We shall now consider, seriatim, the conclusions that we may draw from the 
comparison. 

1. The discordances of the times in the last column are, on the whole, not mate- 
rially gi'eater than would result from the probable errors in the fourth column. We 
therefore conclude that the probablo errors have not been underestimated to any 
great extent. 

2. There are five eclipses, namely, Nos. (2), (5), (6), (7), and (16), in which the 
phase is not expressly stated by Piolemy, but in which the middle of the eclipse has 
hitherto been supposed to be referred to. But,. in the case of at least the last three, 
the tabular comparisons give color to the suspicion that it was really the time of 
beginning which was noted; and this susjiicion is strengthened by the consideration 
that it was the time of beginning which was generally noted by the predecessors of 



e of this eclipse. The altcr.ilio 



e justified by 
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Ptolemy. I therefore deem it advisable to reject these five-edipses, owing to the 
■uncertainty of the phase noted. Quite accordant results might be obtained by sup- 
posing that the beginning was observed in some cases and the end in others ; but the 
uncertainty is too great to justify this course. 

3. The question whether eclipse No. (8) was really seen is a very serious one. When 
we take out the five doubtful eclipses and this one, seventeen observations of phase 
are left, every one of which indicates a positive correction to the tabular time ; and 
the results throughout the nine centuries over which the records extend are so accord- 
ant that I do not see how the reality of this correction can be doubted. The seiious 
point is not simply that No. (8) gives a negative result, for this might arise from acci- 
dental errors of observation, but that a positive coiTection to the time will render the 
eclipse absolutely invisible at Babylon. In fact, the account says that there was a 
small eclipse (not simply that the eclipse was beginning) half an hour before suniise. 
At this time, however, the twilight would have been so bright and the altitude of the 
moon so low that the eclipse could not be seen for a number of minutes after its com- 
mencement. On the other hand, the tabular time indicates that the eclipse did not 
commence geometrically until about nineteen minutes before sunrise ; and, in 'this case, 
the echpse could scarcely have been seen at all, because the . constantly increasing 
light and the constantly diminishing altitude of the moon would have drowned out 
the slowly increasing eclipse. In fact, -^hen the sun rose, the moon would have been 
eclipsed only about 3', or one tenth of her diameter. If, agahi, we take the tabiilar 
coiTection indicated by the other eclipses, we find that the eclipse did not begin until 
some time after the moon had set. 

We have therefore this dilemma : either there is a mistake about the eclipse 
of —382, December 22, having been really observed at Babylon, or the seventeen 
good observations of phases cited by Ptolemy are systematically in error by nearly 
half an liour. I cannot hesitate in accepting the former as the most probable alterna- 
tive. The occurrence of the eclipse being expected, it is quite possible that the 
observei-s may have thought they saw the moon eclipsed in the increasing daylight, 
when there was really no eclipse ; or, under the unfavorable ohcumstances, they 
might have been deceived by a dark region of the lunar disk being near the moon's 
limb. Nor can a mistake of date be regarded as out of the question. On the whole, 
I think that this eclipse should be rejected, since, if we regard it as a real observa,tion, 
the results from the other eclipses must be regarded as all wrong. 

We liave left thirteen eclipses, of four of which two phases, beginning and end, 
were observed or estimated. We next divide these into groups, and take the mean 
by weights, derived approximately from the, probable errors in the fourth column. 

From eclipses (i), (3), and (4), giving tliem the respective weights 3, r, and 2, 

wo find : — 

Epoch " 687, JT= + 26" — 2.0 z/i — + 20™ rb 8'". 

From (9) and (10), with the weights 8, 3, and 2, we find: — 

Epoch -38I, z/r=; + 53'" -I. I ^1+0.3^2 = 50'" ±9*"- 

From (!i) to (15) inclusive, giving the phases weights i, 6, 4, 3, 2, 2, 2, 2 :— 
Epoch - 189, ^r= + 37"' ~ 0.6 z/, + 0.6 z/„ = + 36"' ± 6'". 
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From (17) to (9), giving tlie weights 3, 2, 2: — 

Kpocli + 134, JT= + 30'" ± 8-. 

If we reduce these results to minutes of arc, we find the following corrections to 
the moon's mean longitude, as derived from Hansen's T.ahles: — 

Epi>cli. .h. wt. 

-687 -ii'zt4' 3 

— 381 _27'±5' 2 

— 189 —20' ±3' 4 
+ 134 —16' ±4' 3 

In the light of these comparisons witli theory, we could no doubt amend some of 
our interpretations of the times given hj Ptolemy. Ptolemy's interpretation of the 
descnption- of the first eclipse would seem to be more correct than the one adopted, 
while, in the case of eclipse (9), it was an error, to suppose that much more than an hour 
had passed. But, although, by thus amending the interpretations, a better agreement 
would be attained among the obsei"vations, I do not think the final result would be 
improved, and it certainly would not be materially altered. I think we may conclude, 
with a high degree of probability, that during the eight centuries preceding tlie 
Christian era tlie mean longitude of the moon in Hansen's Ta.bles requires a correction 
■of about + 18'.* ^ 

§ 5. 

ARABIAN OBSERVATIONS OP K0LIL*SE3, EXTRACTED FEOJI OAUSSIN'3 TRANS- 
LATION OF EBN JOUNIS. 

The complete French title of this work is, "Xe Livre de la grande Table llalcemitc 
observee par U Sheikh, Vlmam, le docte, le savant Ahoulhassan Ali ehn Abderrahman, elm 
Ahmed, ehn Jounis, ebn AMdaala, ehn Mousa, ehn Maisara, ebn Hafes, ehn Hiyan. 
Traduitpar le C.*"Caussin, pr<ifesseur de la langtieArabe au College d^ France. A Paris, 
de rimprimerie de la R^publique. An xii. [1804, v. s.]." 

Most of the observations which will be quoted were also published, before the 
appearance of the book, in the Memoirs of the Paris Academy of Sciences, vol. 2; 
and there are a few discrepancies between the results there given and those in the 
extended woi'k. I shall, however, use the latter as my authority. 

The ideas of the anther respecting the errors of instruments seem to have been 
far ahead of his age, if we may judge from the following description of the precautions 
which must bo taken to obtain good observations. Unfortunately, only a fraction of 
the observations could have been made by this most critical observer, who died in 
1008. 

"De VErrcur des Instrnmem qui servent a mesurer. 

"L'art ne pouvant atteindre, dans la fabrication des instrumens, la justesse qui 
conceit I'esprit de I'artiste, soit pour egahser leur surfaces, soit pour les divisor et 

* Since reaching Ihis conclusion, I have been strongly inclined to ihinfc ihal the phases recorded shonM be con- 
sidered as geometrical contacts, and therefore that Ai and A^ should both be regarded as zero. This change would make 
the results slightly more consistent, and would increiise the lubulai correction from the first group of obse 
l.flifC not, however, considered it advisable to introduce it. 
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les ceutrer avec precision, il faut n^cessairement qu'ils soient sujets k des erreurs 
provenant de quelqu'une de ces cfinses ou de leur situation par rapport s!i rhorizon, 
S'il y a line construction, elle est sujet k des d<?ver8 on apparens on insensibles; si les 
instramens sent de bois, le bois se gauchit, sur-tout s'il est fix^ dans un lieu expos^ an 
soleil et h, I'humiditi:?. II y aura toujours d'autant moins d'erreurs dans les instrumens, 
qu'ils auront ^t^ construits par un liomme plus -instruit, plus habile et plus attentif. 
A ce que je viens de dire, il faut ajouter, dans I'observateur, I'habitnde d'observer, de 
placer d'aplomb, la justesae de I'aplomb lui-m6me, &c. S'imaginer que cliacim est en 
t?tat de prendre toute espece de mesure sans en avoir I'habitude, et que toUs les instru- 
mens donnent des rdsultats sill's, c'est eti'e dans I'erreiir. Celni qui vent faire de 
bonnes observations, doit s'appliquer long-teinps h connoitre les instnraiens et s'ac- 
coutumer h s'en servir." 

The geographical position of Bagdad does not seem to be very well determined, 
but the observations with which we have to deal are so rough that the probable error 
is not of importance in the present investigation. The latest determinations I can find 
are in the Connaissance des Temps for 1S36, Additions, p. 138, where the latitude, 
33° 19' 50'% is taken from a paper by Beauchamp in Zach's MonatUclie Correspondens, 
vol. i, and the longitude is taken from a note to the same paper. The following 
appear to be the results of the separate detei-minations: — 

Conn, des Temps for 1788 . . . Arr2'' 48"" 18' Source unknown. 
Beauchamp, Mon. Corr., vol, i, p. 65 2^ 48™ 9^ Eclipse Jup. III. Sat. 

Beauchamp, Mon. Corr., vol.i, p. 65 2'' 47'" 38' Kclipse Jup. I. Sat. 

TKIESNECKEE,i(f0W.C0)T.,Vol.i,p.65 2^ 48° 9* EclipSC ©, JURG 3, 1 788. 

These longitudes are counted from Pans. I have adopted the last result, whicli is 
that employed in the recent volumes of the Connaissance des Temps, assuming 

Latitude of Bagdad 33 '^ 20' 

Longitude east of Greenwich 2'' 57'" 30". 

Ilie longitude may be considered as subject to a probable error of ton or fifteen sec- 
onds, which is not of importance at present 

The position of Cairo is also taken from recent numbers of the Connaissance 
lies Temps, as follows:— 

Latitude 30° 2' 

Longitude from Paris 1'' 55™ 41"; 

whence, 

Longitude from Greenwich 2'' 5" 2^ 

We shall first copy tlie descriptions of the observations from the woj'k in queM- 
tion, and then present the results in a tabular fonn as far as possible. I'^clipses in 
whicli the data are entirely insufficient will be passed over in silence. 

(i) Page 84. — "Eclipse de soleil observee a Bagdad le 30 [29] novemhre 829. 
Hauteur du soleil au commencement, selon le rapport des astronomes, y°; hauteur h 
la fin, 24°, sui" les ti'ois heutes du jour environ." 
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The local mean times hence deduced are: — 

Beginnhig 19*' 33'" 44' 

End "... 2['' 24'" 24'. 

(2) Page 88. — "JScUpse de lune ohservcc a Bagdiid le 12 [11] aout 854. On 
observa au commencement de I'lJclipse, la lianteur d'AM^baran de 45° 30' h. I'orient; 
on n'observa point d'autre instant ni d'antre circonstance de cette (Eclipse que I'instant 
du commencement, qui est exact et precis." 

Result: Local mean time of beginning 14'' 58'" 37'. 

(3) Page 90. — "Eclipse de lune observee d, Bagdad le 22 [21] juin 856. On 
observa au commencement de I'eclipse la hauteiu- d'Aldebavan de 9° 30' Ji I'orient." 

Result: Local mean time of beginning 15'' rg'" 28^ 

(4) Page 1 12. — "Eclipse de lune obs&'vce a Bagdad le i juin 923. * * la fin h 
3'', lieures ^galos; Iiauteni- de Ntollo prt^s de la queue du Cygue [a Cygni], 39"^ 30' 
k I'orient." 

Result : Mean time of end 9'' 54" 3". 

(5) Pago 11^.— "Eclipse de soleil observee a Bagdad le 11 [10] novemhre 923. 
Nous nous rt^unimes plusieui-s pour I'obsei-ver et nous distingu^mes clairement ses 
circonstanees. Hauteur du soleil au milieu de IMcUpse d(^terniint5e d'aprfes I'estime de 
tous les observateurs, 8° orient; la fin !\ 2'' 12™, heuros in^gales ; la liautenr alora 
de 20°." 

Result: Local mean time of middle 19'' 19" 38^ 

Local mean time of end 20'' 30"' 2". 

Of course, the first observation can have no astronomical value. 

(6) Page 116. — ''Eclipse de lune ohsei^^e d. Bagdad le 11 avnl 925. J'ai observai 
cette (?clipse et j'ai trouvi^ au commencement la hauteur d'Arcturus de 11'=^ I'orient ; 
bauteur de Ntoile "Wega,.i\ la fin, 24°. Lg commencement, d'apr&s cette observation, 
arriva h 55', beures inhales, do la nuit ; * * la fin, selon Tobservation, 4'' 36'", 
lieures in^gales." 

Result: Meantime of beginning 5'' ^6"' 6' 

Mean time of end lo'i 45'" i(f. 

There is clearly an error in the statement that the altitude of Arcturus was 1 1 ° 
at the beginning of the eclipse; it must have been 30° or upward. I cannot see 
that any other bright star could have bad an altitude of 1 1° at the time in question, 
wliile Arcturus was far the most prominent star in the ejist. It, therefore, seems prob- 
able that the altitude is incorrectly given. We shall, therefore, endeavor to deduce 
the time from the results of the Arabian calculations, checking the latter by compari- 
son with our own. The sun was in about 10° north decKnation ; the geometrical set- 
ting of his centre, therefore, occurred at 6^ 26" apparent time, or 6^ 25'" mean time, 
and each temporary hour measured about 55".7. The interval given by the Arabians 
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corresponds to 4'' i6"'.2 mean time, making thoir computed time of ending 10^ 4i™.2, 
sliowing an error of four minutes, -vvhicli would be diminished if we suppose that they 
applied semidiameter and refraction in computing the time of sunset. (It will be 
noted that we here have to do witli a computed, and not witli an observed, sunset.) 
Now, for the beginning of the eclipse, 55' corresponds to Si^.o of mean time, making 
tlieir computed time of beginning 7'' iC"".©. Applying the correction of 4.™!, we 
have : — 

Probable mean time of beginning 7^ 20".!. 

This result will be subject to an eiTOi", arising from the error in the rekitive positions 
of Arcturus and a. Lyrse adopted by the ArabiauH. The probable amount of tliis ciTOr 
will not, I conceive, exceed two or tlii'ee minutes of time. 

(7) Page 118. — '■^ilcU^Jse de hine ohserme a Bagdad le 14 [13] septembre 927. Le 
commencement h, 10'' 14" de la nuit de vendredi, le milieu h 1 1'' 21™, la fin k 9" du 
jour de vendredi, le tout en heures in^gales. Get t;clipse, dit-il, fut observtse par nion 
fils Aboiilhasfan. Hauteur de Sirius au commencement, 31° h I'orient; revolution de 
la spliJsre depnis le eoucher du soleil jusqu'aii commencement de I'^clipse, dt^termln^e 
avec I'astrolabe, 148° environ." 

From what follows, it appears that the times given are tliose computed from the 
tables. From the altitude of Sirius we have :^ 

Local mean time of beginning 15^ 48" 16". 

The observation with the astrolabe gives a result only one or two minutes later, . 

(8) Page 120. — "Eclipse de soleil ohserve'e a Bagdad le 18 [17] aout 928. Le 
soleil so leva i5clips<^ d'un peu moins du quart de sa surface. * * * Nous obser- 
v^mes le soleil dans I'eau d'une manifere sure et distincte. Nous trouvSmes k la fin 
lorsqu'ancune partie du soleil n'tjtoit plus licHpsee, et que son disque pai'oissoit entier 
dans I'eau, la Jiauteur de 12° k I'orient, moins le tiers d'uno division de I'instrument 
divis^ par tiers de degr^, co qui fait retraucher J do degi'^. (Hauteur, 1 1 ^ 53' 20",)" 

Result: Mean time of end iS'* 26™ 59', 

(9) Page 122. — "l^cUpse de lune observce a Bagdad le 27 Janvier 929. J'ai ob- 
serv(5, dit-il, le commencement do cette (Eclipse. La hauteixr d'Arcturns titoit alors iS° 
k I'orient." 

Result : Local mean time of beginning 1 1"" 3™ 2", 

(10) Page 124. — '^J^cUpse de lune observee a Bagdad le $ [4] novemhre 933. J'jii 
obsei'vt^, dit-il, cette eclipse lorsque la Inne commenQa a s'obscurcir. La hauteur d'Arc- 
turus <^toit alors 15° ^ I'orient," 

Result : Local mean time 1 6'' 1 5™ 1 5". 

The remaining eclipses were observed at Cairo. 

(11) Page 164. — "iScUpse de soleil observee au Cake U 12 dccemhre 977. Chacun 
attendoit le commencement de I'^clipse ; elle parut sensible k la vue lorsque la hauteur 
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du soleil <jtoit eiitre 15 et 16 degrds. * * * Le soleil pariit repreiidre toiite sa 
clai'td; et je trouva sa hauteur 2,3° 20' envii-oii, cliaciin i5tant d'accord de la fin de 
Pc'clipse." 

Result: Tlie eclipse sensible to the view 20'' 24'" 4* 

No longer visible 22'' 41"" 12". 

(12) Pago 166. — "JilcUpse de sokU observes an dure Ic S Juiii 978. llaatoui- du 
soleil, loi-sque I'eclipse commenija a fitre sensible aux yeux, 56*^ environ; liautenr a la 
fin, 26*^ environ." 

Result: The eclipse sensible to tlio view 2^ 27'" 31^ 

The eclipse ended 4'' 47" 15'- 

(13) Page 168. — "Eclipse de lum dbservee im Ccdi-ele 14 vtai 979. La fin de 
I't^clipse a une lieure 1 2' de la nuit, heures ^gales." 

Here we have to accept the results of the Arabian astronomer without any of the 
data by which he detemiined his time.* The geometrical setting of the sun's centre was 
at 6'' 49™ apparent time, and 6'' 43" mean titne If we allow 2 minutes for refraction, 
it will make the mean time of commencement 7'' 57™, a result which is uncertain by 
several minutes. 

(14) Page 168. — "Eclipse de soleil observes an (Jairc le 28 mai 979. Plauteur du 
soleil lorsque I'^clipse fut sensible ei la vue, 6*^ 30'. Le soleil se concha (iclips(5." 

Result: Tho eclipse sensible to the sight 6^ 18'" o^ 

(15) Page 1 68. — " Eclipse dehmeohservee cm Cairele 7 [6] novemhre ^yg. Hauteur 
an commencement, 64° 30' orient ; hauteur k la fin, 65° Occident, environ." 

Result, supposing the altitudes to be those of the moon, which is not distinctly 
stated : — 

Beginning 10'' 9'" 50" 

End 13'' 22'" 46^ 

( 1 6) Page 1 70. — "jScUpse tokde de lime observee an Caire le 3 [2] mat 980. Hauteur 
de la lune au commencement, 47° 40' ; la fin, 36' environ, heures (^gales, avant la fin 
de la nuit." 

This altitude of the moon assigned by the observation exceeds the actual meridian 
altitude, so that there is some mistake which prevents the beginning being used. For 
the end we have : — 

Apparent time of sunrise, 0's declination being iy°.o . 17'' i9"',4 

The inteiTal as given by the Arabs , . . — 36"'.o 

Equation of time — 5"'.3 

Longitude — 2'' s^.o 

Greenwich mean time of ending 14'' 33'". i. 

'After completing the discussion of these eclipses, I am inclined to .tuspect lliat this may be a csilculateil and not an 
observed time. As the result would not be appreciably altered by the suppression of the observation, I have lei the eclipse 
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(17) Page 170. — "^clvpsedelmiGobservseauCairele 2 2 [21] mrilg^i. HfLuteiir 
de la hme au commencement, 21° environ; grandeur, le quart du diamfetre environ ; 
finde I'^clipse, un quart d'heure environ avant le lever du soleil." 

Local mean time of beginning , ri' 28"' 58" 

For the end we have app. time of sunrise (Dec. — + 13°. 8) i7''27'".4 

Intei-val as given ; _ i rm 

Equation of time .... — ^ra 7 

Longitude _ ^h ^m_Q 

Greenwich mean time of end , c*> -^i" -, 
^j o ■/■ 

(18} Page 170.—" Eclipse de lime observ6e au Caire le 15 octohre 981 Grandeur 

de I'^clipae, 5 doigts environ du diamfetre; hauteur de la lune lors de I'attouchment 

par dehors, selon mon Evaluation, 24°." 

Local mean time of beginning j^ii jgm « 

(19) Page i72.~" Eclipse iotahde lune observee au Cairele 1 mars 983 Hauteur 
de la^Iune lorsquc I'^clipse panit sensible, 66° ; . hauteur lorsque la lune eut repns sa 
clarte, 35° 50' ; durt^e de Tdcllpse totale une heure, environ" 

Here, again, the first altitude assigned is impossible. From the second we de- 
duce : — 

Local mean time of ending leii ,gm q* 

(20) Page 172— "_gc%se de soleil observee au Caire le 20 juillet gS%. Hauteur 
du soleil au commencement de I'Eclipse, 23° environ ; hauteur b. la fin, lorsque I'^clipse 
n'^toit plus sensible k la vue, 6'= ; grandeur de I'^cHpse, un quart du diamfetre." 

Local mean "time of beginning s'' 1'" ^2" 

Local mean time of end 6'' 2^"' 11;' 

(21) Page 172.— ":Sclipse de Iwne observee au Caire le 19 [18] decembre 986. 
Hauteur de la lune au commencement de I'Eclipse visible, 24° Occident. J'ai *?value la 
hauteur au moment de I'attouchemonf, 50= 30' ; grandeur, 10 doigts du diamfetre. La 
lune se coucha EclipsEe." 

I can give no explanation of this second observation. From the first altitude we 
have: — 

Local mean time of commencement 16'' ■;6'" 4" 

(22) Page 174.— "JgWipse de lune observee au Caire le 12 avril 990. Hauteur de 
la lune, au commencement, je veux dire, au moment de I'attouchement, 38°." 

Local mean time of "attouchement" . 9'' 4^"" cg^ 

(23) Page 1 74 ~" Eclipse de soleil observee aw Caire le 20 [ig] aout gg^. Hauteur 
du soleil, au commencement de I'Eclipse, 27° orient; hauteur au moment de la plus 
grande phase, 45° orient ; hauteur h la fin, 60° orient ; grandeur, § de la suiface." 

Result : Mean time of commencement . . 
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■ ■ ■ ■ 19 41"' 23* 
Mean time of the end 22'' 22"' 77^ 
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(24) Page 176, — "Midipse totale de lune observee au Caire le i m.ars 1002. L'^ 
fut totale avec demeure dans 1' ombre. Hauteur d'Arcturua au commencement, 52° 
orient; hauteur de I'^toile a du cocher, 14° Occident; hauteur d'Arcturus h, la fin, ^S*^." 

Onethese inconsistent altitudes of Arcturus, Caussih remarks that the altitude at 
commencement may be either 12° or 52°, but Bouvaed advised him that the latter 
reading must be taken. The last altitude of Arcturus, 35°, admits of no doubt in read- 
ing. The star which had the altitude 14° is also doubtful, the name given in the 
manuscript not being found in the Arabian Star Catalogues; but he found a similar 
name in Scaliger as pertaining to ac Aurigje. 
The results for beginning are : — 

From altitude of Arcturus 11'' 41™ 23^ 

From altitude of « Aurigce 11'' 45™ 40' 

Adopted result 11'' 43™ 2^ 

(25) Page 178 — " JScUpse de soleil observee au Caire le 24 [23] Janvier 1004. 
Grandeur de I'^cHpse, 1 1 doigts ; hauteur du soleil, lorsque I'^clipse commemja k pa- 
roitre sur son disque, 16'^ 30' Occident; commencement estim^ h, 18° 30'; hauteur 
lorsque le quart da diamfetre t5toit ^clips^, 15"^ ; hauteur lorsque la moiti^ du diamfetre 
fixt ^clipsi^e, 10° ; hauteur au moment de la plus grande phase, 5°." 

The difference of the first two altitudes is surprising, corresponding as it does to 
1 1 minutes of time. The results are : — 

The eclipse sensible 4'' 6" 13' 

Estimated time of beginning ... 3'' 55" 17*. 

The local mean times have been reduced to Greenwich mean time by applying 
the longitudes already given, and the results are shown in tabular form in the follow- 
ing pages. The tabular geocentiic positions of the moon are first given, the times of 
computation being generally nearly the same with those of observation. In comput- 
ing the longitudes, the double-entry tables have been omitted and the constant 22240 
added, a proceeding which involves a mean error of rt: 14" in the longitudes. The 
moon's motion in latitude is omitted ; it will be sufficient to suppose it equal to ^ the 
motion in longitude. Its algebraic sign is, however, given immediately after the lati- 
tude itself. 

Respecting the places of the sun, it is only necessary to say that they are from 
Hansen's Tables. 
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Tabular Positions of the Moon and the Sun for the Arabian Observations. 
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Comparison of Tabular and Observed Times for the Arabiafi Observations. 
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Nest is shown the comparison of the tabular and observed times. In the column 
"Phenomenon observed", S. signifies that the time of observation is that at which the 
eclipse was said to be sensible to the sight, whereas, in other cases, only the phrase 
beginning or ending is used. As these phenomena necessarily occur after the times 
of geometric first contact, they must be a little too late. The observed times of ending 
must be supposed too early by a less amount In the table, however, the comparisons 
are made with the geometric contacts only. Column ^t shows the difi'erence between 
the observed time and the computed tabular time of the geometric phase. It is nest 
necessary to multiply this difference by the appropriate factor to reduce it to correction 
of the moon's mean longitude. For the required factor has been taken 
dB ^ dD_ 
dt ' 'de ' 

these quantities being computed by the formula; given in the next section, on the 
reduction of eclipses and occultations. In the case of eclipses of the moon, the 
factor may be supposed to have the constant value 0.51. Column Jl gives the indi- 
vidual corrections to the moon's mean longitude thus obtained. 

In the last column, an attempt is made to classify the results. The letter a gener- 
ally signifies that the materials for the determination of time are unexceptionable ; b, 
that there is room for error, owing to the vertical circle drawn through the object of 
which the altitude was observed for time being too near the meridian, or to the eclipse 
being a small one ; c, that the data for time are yet more defective, or that the time 
determined by the observers had to be used. 

Passing now to the consideration of the results, we remark that these observations 
are not of the class in which a system of weights determined a priori can be adiiered 
to, owing to the liability of the observations to abnormal errors. "With a view of form- 
ing a judgment how far the observations are thus affected, we begin by finding the 
narrowest limits within which a majority of the results can be included, making no 
distinction of weights, and including all discordant observations. We readily find 
these limits of ^^l to be — o'.S and — 6'. 8, between which are included 1 7 out of 
the ;i^ results. This, taken alone, would indicate a' mean correction of — 3'.8, and a 
probable error of 3' for each observation. Extending the limits still farther, we find 
that 27 out of the 33 are contained on or between the limits + 2'.^ and — io'.6, or, 
omitting the two contained on these limits, three fourths of the whole number of results 
are contained between them, while the outlying results are equal in number on each 
side. This would indicate an individual probable error of 3'.8, with nearly the same 
mean result 

Reversing the reasoning, if we suppose a probable error of 3', then three fourths 
of the whole number of observations, or 25 in all, oiight to be contained between 
limits extending through io'.2, while 27 should be contained between limits differing 
by 12', and the remaining 6 should lie but little outside the limits, always supposing 
the admitted law of error to hold.. Kost of the sis outlying observations are so far 
from fulfilling this condition as to show conclusively that the law in question does 
not hold, and, therefore, that the arithmetical mean is not the most probable final result. 
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The following' results are so far outside the limits of probable error as to be sus- 
picious, if not certainly abnormal : — 

829, November 29. — Beginning. — The tables show that the eclipse began at or 
before sunrise. How a real beginning coald have been observed more than half an 
hour afterward, it is hard to see. The observation is, therefore, clearly inadmissible. 

927, September 13. — Though the time from the altitude of Sirius is of the second 
order of accuracy, the observation with the astrolabe confirms it, so that the discrep- 
ancy is hard to account for. Possibly, the keen eye of the young observer caught the 
penumbra some time before the actual advent of the shadow. The smallness of the 
eclipse would only admit of giving half weight to the obaervation, even were the 
result good. 

939, January 27. — Nothing can be done with this eclipse, the observed time 
appearing exceptionably free from a liability to possible eiTOi'. 

990, April 1 2. — Here we have nothing to check the record that the moon was 38° 
high "an moment de I'attouchement ". I think the result should be rejected, espe- 
cially as the term translated attouchement seems tx) be of doubtful meaning. 

Of the four discordant eclipses, there will, I conceive, be no question that those of 
829, 929, and 990 should be rejected. Respecting that of 927, doubt maybe enter- 
tained ; I, therefore, retain it. In taking the mean, it may seem advisable to give 
classes h and c half weight, compared with a. 

We have, before taking any means, to consider the cases of those eclipses of 
which the phases of beginning are distinctly stated to be those when the eclipse was 
apparent to the view, which are marked (S.) in the third column. It might seem that 
all the observed beginnings should be referred to this phase, but the general run of 
the comparisons seems to favor the belief that the times were made to refer to the 
actual contacts by an estimate of the observer in each case. The correction to be 
applied for the phase in question does not admit of a definite determination, but must 
rest upon our estimate of the acuteness of the Ai-ab vision. I conceive that we may 
assTime 2^', a probable mean correction to reduce to geometrical contact; but what we 
really want to do is, not to reduce to real contact, but to the greatest phase of invisi- 
bility, so that the times of beginnings shall correspond to those of the endings when 
the eclipse was no longer visible. We shall, therefore, apply a correction of plus i'.5 
to each value of M dependent on a phase of beginning marked (S.). The observa- 
tions are cleai'ly divisible into three groups, separated by pretty wide intervals. The 
mean results are; — 

850 Jl = -~ 3'. 8 ± 2'.4 3 phases. 

927 ~ i'.6 ± i'-7 7 phases. 

986 — 4'-5=fc:i'-3 20 phases. 

The probable errors ai-e obtained on the supposition that the probable error of a 
result of class J is ± 4'. 5, and that each group is afi'ected with a probable systematic 
error of ± r' in addition to all accidental errors. 
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§6. 

MODE OF DEDUCING THE ERRORS OF THE LUNAR ELEMENTS FROM THE 
ELLIPSES AND OOOULTATIONS. 

The method of computing echpses and occultations may generally be divided, 
though not perhaps with entire sharpness, into two c]a.sses: in the one, the position of 
the observer relatively to the cone, or cylinder, which circumscribes the moon and the 
occulted object is computed by geometi-ic methods, and the condition of an occulta- 
tion or of the beginning or end of an eclipse is that the observer shall be on the 
surface of this cone; in the second class, the apparent position and magnitude of the 
two bodies, as seen by the observer, are computed, and the corresponding condition is, 
that the apparent distance of centres shall be equal to the sum of the apparent semi- 
diameters. The first method is preferable on the score of elegance of treatment and 
of general certainty and convenience in cases where the phenomenon has been 
observed from several stations. It requires, however, that the positions of both bodies 
be known before the computations of the phenomenon are commenced. This require- 
ment has prevented its use in the present investigation, because it was desirable to 
postpone the final determination of the positions of the stars to the latest practicable 
moment, in order that the best available data might be used. The method adopted is, 
therefore, to determine separately and independently the apparent positions of the 
moon and of the sun or star, and then to deduce equations of condition from the 
difference between the compiited distance of centres and the sum of the semi-diame- 
ters; or, in the case of solar echpses, irom the difference between the observed and 
computed phases. 

In this computation, I have used celestial longitudes and latitudes throughout, 
and not right ascensions and declinations. While there is, perhaps, no difference in 
the amount of labor involved in the two methods, the method adopted is recommended 
by the greater simplicity and directness of the computations, the ease with which they 
can be controlled, and the slightness of the modification which will be necessary if the 
results desired are only approximate. These advanta,ges are especially seen in the 
computation of the apparent place of the star, which is so much more simple when the 
longitude and latitude are required than in the case of the right ascension and declina- 
tion, that when two or three places ai"e required for distant epochs, the labor of trans- 
forming the co-ordinates of the star may be fully compensated by the consequent ease 
with which its apparent place can be determined. 

The investigation of the formulse actually used is as follows: — 

I . — Apparent Place of the Moon. 
Put 

r, /, b, the geocentric radius-voctor, longitude, and latitude of the moon; 

p, A, /?, the con'csponding co-ordinates of the observer; 

r', I', V, the corresponding co-ordinates of the moon as seen by the 

observer; 
7t, the moon's equatorial horizontal parallax; and 
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The values of A and yS are obtained from the observer's geocentric longitude and 
local sidereal time by changing the rig-ht ascension and declination of his geocentric 
zenith into longitude and latitude. If we take the earth's equatorial radius for unity 
of distance, the value of p may be taken at once from geodetic tables, or computed 
from well-known formulfe. Putting 

9»', the observer's geocenti'ic latitude; 
T, his sidereal time expressed in arc; 

€0, the obliquity of the ecliptic, ' 

compute u and k' from the formulse 

k' sin M =; /3 sin (p'; 

y cos U:= p cos (p' sin r. 

Then, /> cos /3, p gin ^, and A are given by 
p cos /3 cos A, =; p cos <p' cos r; 

p cos siu X^k' cos (u — o>) := cos to p cos <p' sin r -j- sin a) p sin <p'; 
p sin /? .= ft' sin (« — 05) i::: cos (o p sin 9>' — sin co p cos ^' sin r. 

A partial check on the accuracy of the computations may be obtained by comput- 
ing sin y? and cos /?, and noting that the two coiTespond to the same angle; but, as this 
quantity is not needed separate from p, I have preferred to depend on duplicate com- 
putation by different computei-s. It may be remarked that 5-place logarithms are 
always ample in this computation, and that the error from neglecting the nutation of 
the obliquity of the ecliptic can never exceed o". 15 in the apparent place of the 
moon. 

Taking the earth's equatorial i-adius as unity, which gives 
r sin TT 1= I, 
we have the three equations: — 

It cos V cos I' r= cos 6 cos I — p cos /? sin tt cos A. 
B cos b' sin I' zzL cos h sin / — p cos /? sin ?r sin A. ( i ) 

R sin y — sin & — p sin /3 sin tt. 

Let a be any arbitrary angle. If we transform the iirst two equations Into the 
two others, 

(i) X ♦'OS « -|- (2) X sin a, 
— (i) yCsm. a -\- (2) X cos IX, 
they will be: — 

E cos y COS (J — a) — cos b cos (I — a) — p cos /? sin tt cos (A — a). 
B cos y sin (I' — a) — cos b sin (I— a) — p cos ^ sin ff sin (A — a). 
If we suppose a: = A, they will be: — 

B cos y cos Q' — A) — cos 6 cos (^ — A) — p cos ^ sin tt. , . 

" B cos y sin (?' — A) — cos b sin (? — A), 
Apart from the rmmber of decimals required, these equations are the most simple. 
They give B cos b' and I' — A, while the third of equations (i) gives B sin 6', whence 
&' and B are obtained. They require, however, the full number of decimals requisite 
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to determine a large angle with the required degree of accuracy. Since A- may be 
known only to o'.i, while I — A must be known to o".i, it is necessary to see that the 
same value is subtracted from I, and then added to I' — X. 
If we suppose a zzl, the eqiaations will be; — 

li cos 1)' cos {I' — = COS b — p cos /3 sin tt cos (I — A). , , 

-R cos h' sin (I' --l)zzp cos P sin tt sin (I — A). ^^^ 

These equations have the advantage of requiring only 6-place logarithms. 

Having thus obtained H, I', I' — I or I' — X, and thence I', the apparent semi- 
diameter of the moon, or s', is found from the equation 
, k sin TT 

k being the ratio of tile diameter of tlie moon to tliat of tlie eartli. The semidiameter, 
s', is so minute that we may suppose it equal to its sine, makinjr the equation for 
its determination, in seconds, 

, _ [5- 3 1443] taipir , 
~ It 

1'iie value of k which we shall adopt is that of Oudemans,* 0.27264. This will give: — 
log 4 = 9.43559. 

,' _ [475002] sin ,r 

2. — Apparent Place of the Sun or 'Star. 

If the phenomenon is an eclipse of the snn, the position of the sun is derived 
immediately from the tables. It must, however, be corrected for parallax. Owing to 
the minuteness of this coiTection, and the near approach of the centres of the siin 
and moon during any phase of an eclipse, it will be sufficient to subtract tlie horizontal 
parallax of the sun from that of the moon, to use this difference instead of tt in the 
preceding formulfe, and then to apply no coiTection to the place of the sun on account 
of parallax. 

In the case of a star, tho longitude and latitude are to be reduced to the date 
of the observation by applying precession, proper motion, nutation, and aberration. 
If we put 

K, the rate of motion of the pole of the ecliptic on the celestial sphere ; 
y, the longitude of the point toward which it is moving; 
T, centuries after iSoo; and 
T', centuries after 1850, 
t!ie resulting rate of change of the longitude and latitude of a star arising from the 
motion of the ecliptic alone will be: — 

In longitude, k tan B sin {L — y). 
In latitude, k cos (L — y). 
These expressions being independent of the equinox of reference, we may, in them, 
suppose both L and y to be referred to a fixed equinox. ■ 

" Asti-enomiscke Nachrkhlcn, Bd. li, 25, 
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Ill reducing tlie star-plsices to tlio ecliptic, IIaksen's obliquity will be used, tlic 
value of which is: — 

G) = 23° 37' 54".8o — 46".;8 T. 

Adopting this change of obliquity, as I have done in my Investigation of the Orbit 
of Uranus, where the motion of the pole of the ecliptic in the direction of the vernal 
eqiiinox of 1850 is 5".43 T' -|- o".i9 T'^, and that in the direction of 90° greater longi- 
tude is 46".78 T ~o".o6 T^, wc find, taking the century as the unit of time, and count- 
ing from 1 800, 

w — 47".09 — o".09 T, 
y = 83° 23'- 28' T'; 

;' being here counted from the fixed equinox of 1850. Counting from the eqiuuox of 
1800, the expression will bo: — 

r-S2°S5'~28'T. 
Taking the expressions just given for the motion In longitude and latitude, when the 
equinox is fixed, namely, 

- dL_ 
dT~ 

^=«cos(i-r), 

we find, by differentiating and substituting the numerical values of the centennial 
variations of k and y, 

-jFVih^^ i ^' sec^-S sin 2 (L — ;/) — o".09 tan B sin {L — y)-\-2S' w tan B cos (X — ;/). 

In the case of occulted stars, the maximum value of this expi'ession is about o".o4, and 
the coiTesponding effect on the longitude of the star is o".02 T"; it may, therefore, be 
entirely neglected. For the secular variation of the motion in latitude, we have, 
neglecting insensible terms, 

d"-B 

-p^= — o".09 cos {L — y) — 28' n sin (L — y) 

= — o".09 cos (L — y) — o".^S sin (L — y) 
= o".39 sin (i — 7 -j- 1 94°). 
The proper motion in longitude and latitude may be derived from those in right 
ascension and declination Ijy the well-known fonnulfe for converting changes of the 
one system of co-ordinates into those of the other. If we put 

//, /.i', fj-i, jUg the pi'Oper motions in right ascension, declination, longitude, and 

latitude respectively ; and 
E, the complement of the angle at the sta.r of the triangle formed by the star 
and the poles of tlie equator and ecliptic, 
wo shall have : — ■ 

cos JB =r sin CO cos a sec I? — sin ei cos L sec S. 

/Y 1 zr /t sin E cos 6 sec B -\- /jf cos E sec B. (4) 

/ig = — /I cos E cos 6 + i-i' sin E. 
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Owing to the extreme slowness with which the position of the ecliptic changes, /^i and 
t^2 may be supposed constant, which is not tlie ease with // and //'. 

Collecting the various terais in the motion of the star which we have deduced, and 
including precession, we find that its longiti^de and latitude, at the epoch T centuries 
after 1 800, referred to the equinox of the epoch, is ; — 

L — L^-\-L'T-\-L"T'';_ . . 

wJiere we jjut 

-L,,, Bf,, the longitude and latitude for 1800.0 ; 

Xo -82^- 55'; 

L' — /(i + 5024''.i I +47'''.i4 tan ./?(i sin (io — ;'n); 

L" = i".i3; (6) 

B' =//3 + 47".i4 cos (Zo — Xu); 
J?" = o".2osin(io— Xo-f 194°). 
If we count Lg, B^,, and y^ fi'om the equinox and ecliptic of 1850, and T from 
the epoch 1850.0, the same expressions will hold by putting 

n ^ 83° 23'; 

L' = //i+ 5025'".24 + 47".09 tau _/>'„ sin {L, — y,); 

i"=i.i3; (6') 

B' zz /is~\- ^7"-0<j cos (io — Yd)', 

B" = o".2o sin (La — 7o + ^94°) = o".2o sin {L^ — 1 1 1°). 

Having thus obtained the mean position of the star for the required epoch, the 
apparent position is obtained by applying nutation and aberration. But, if the former 
correction be omitted from the place of the moon, it may be omitted from that of the 
star also. This course has been adopted. The correction for abenration is: — 

SLzz— 2o".45 sec B cos {0 — X) ; 
6B = — 2o".45 sin -C sin (0 — X); 
the symbol © representing the sun's true longitude. 

3. — Distance of Centres of the Two Bodies. 
Having found, by the preceding methods, 

L, B, the longitude and latitude of the star or sun, 
I', V , s' , the longitude, latitude, and semi-diameter of the moon, 
the distance of centres, B, and the angle of position, in, of the line joining the cen- 
tres are given by the equations : — 



sin J X* sin m = sin ^- (V — 7^) V cos // cos B; 
sin ^ D cos m z= sin ^ (J' — B) ; 

the angle m being counted from the south point of the moon's disk toward the west. 
We have also 

cos h' cos B zz cos^ \ Qi' -f- X) —- sin^ -^ ('/ — X). 
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Since the last term of this equation can. never amount to ~, we may suhstitute 
COS ^ {h' -f B) for V cos b' cos £ in the first of equations (6). We Inay also determine 
D and m with all necessary accuracy from the approximate equations, 
-D sin m - (I' — L) cos J (6' + B), 
B COS m:=h' ~ B. -* 

The error in this determination of m will be of no importance, because this angle 
is never observed with such accuracy as to be used as a datum for correcting the 
moon's place, while tlie error in _D is so small as to be entirely unimportant. In fact, 
if we represent by J)' the approximate value of B derived from (7), we have : — 

jy^-Q'-Zy cos^ ^ (&' + -S) + {h'-B-f; 
while developing the sines of ^ D, ^ {V — B), and ^ (b' — B) in the rigorous equation 
to quantities of the third order, wo have : — 





fiin 


J-0 = 


= il.( 
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= i(('- 
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Substituting these values in the rigorous equations, and taking the sum of tlie squares 
of the two equations, we find 

B''- (I' - By cos^ ^ (h' + jS) + (&' - By + -^^ (B' - M' cos^ ^ (f.'' + i?) - ^/-^ ), 

where we have put, for brevity, 

^l-l' —B; 

Jh -y - B. 
Substituting the above value of B''^, we have 

(7> - B') (B -\-B')-^ {B' - M' cos^ J {b' + i?) - z/fc'), 
showing that the maximum value of i) — _D' is ^ B^, or less than o".of. The equa- 
tions (7) are therefore exact enough for all practical purposes. 
4. — Equations of Correction. 
If all the elements of reduction were correct, we should have, in case of an occul- 
tation, the value of B from (7) equal to that of s' from (4). We have now to find the 
equation of condition which must subsist among the corrections to the lunar elements 
in order that we may have B — s'. Owing to the minuteness of these coiTCCtions, 
then- coefficients need not be accurate to more than two significant figures; we may 
therefore suppose cos J {h'-\-B) to be equal to unity, since its minimum value exceeds 
0.995. If then we put, for brevity, 

x~{l' — B) cos ^ Q)' -f B), 

y-V ~B, 
\ {}>' + B') differs so little from & that we may put 
Sx — {SV — SB) cos h, 
Sy — 6V — 6B; 
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from which 

SB - (61' — SL) cos h sin m + (Sh' — SB) cos m. (8) 

Let us now refer to the equations (i) and (3). If we put, for brevity, 
p =z p-cos fi sin TT, 
^ = p sin yff sin a", 
we liave from (3) and (i) 

^ -^ COS b —p COS (( — A) 

E ain &' ~ sin & — g^. 

The ;ing-I(! I' —- ?, or the parallax in longitude, is so small that we iixay suppose it 
equal to its tangent, while the denominator, cos 1) — p cos (I — X), is always contained 
between the limits 0.98 and unity. Again, the quantity B is always contained between 
the limits 0.982 and unity. We may then put, without an oiTOr of more than one 
hundredth in the coefficients. 



;'_.;— 1,01^; sin (J— A), 
,sin i' = -n (sin h — g). 



(10) 



From these equations we obtain 

(5?' — {i 4- i.oi jj cos {I — A)} (S?+ J, 01 shi (' — A) dp— i.oi p cos {I— X) SX; 
and, putting cos 1) and cos V equal to unity, 

5?>' zz I.OI 6h— i.oiSq —■ -^ (sin 1) ~ q) SH. (11) 

Owing to the minuteness of p, q, Sh, Sp, and Sq, the factor i.oi may be entirely 
omitted in the above expx'essions. We have next, from (9), putting cos tt equal to 
unity : — 

S p = p cos p Stt — q 6/3. 

S q z^ p sin /? Stt -j- p S/3. 

The longitude and latitude of the observer's geocentric zenith, A and /?, are 
functions of his latitude and of the local sidereal time. The former must be supposed 
to be known; but the vai-Iation of the latter may be taken into account in order to 
determine the effect of an error in the time of observation upon the lunar' elements. 
The most simple formulse for expressing errors of longitude and latitude in terms of 
the errors of right ascension and declination arc those of Gauss, in his Theoria MofMS 
Gorporum Coelestium, § 68, and are these: — Determine the angle -K between o'^ and 
I So'' from the equation 

cos E zz sin CO cos r sec /? iz: sin ea cos A sec cp'. 
Then 

SX = cos <p' sin E sec /3 dr -\- cos E sec /? 5(p', 
i5^ zz — cos <p' cos E St -\- sin E Stp'. 
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The last term in each equation is included only for the sake of completeness in 
writing. The siibstitntion of this value in 3p and dq, neglecting' d<p', gives : — 
Sp — p cos y5 <5;r -f 2 t^os ep' cos E 6t. 
(^q = p sin ^ 5t — j3 cos g)' cos E dr. 

The correction to the tabular ecHptic longitude is represented by SI For the 
sake of completeness, we shall suppose the local mean time of observation to require 
the coiTBction 6t, and the west longitude of the plane to require the correction <3A'. 
We shall then have, for the total correction to the moon's geocentiic longitude and 
latitude, 

db + {St + .5A') ^ , 

which arc to bo substituted for 61 and 6b in ( 1 1 ). 

By taking the square root of the sum of the squares of equations (i), neglecting 
terms of the second order with respect to the parallax, we find: — 

M = I —X) cos h cos (l-~?i)—q sin 6. 
Ilenco 

Sli^ — cos h cos {I ~ X) 6p — sin b 6q -{- p cos I sin (I — X) (61 — <5A) 
4- (p sin h cos (l~X)~q cos h) 6b- 

or, by substituting for 6p, 6q, and 6X their values, 

SM — p cos b sin (I — A) 5? + (p sin b cos (l~X)~q cos b) 6b 

-\-p cos (p' sin TT {cos /? cos E sin J — sin E cos h sin (^ — A) 

— sin ^ cos E cos b cos (^ — A) } tSr — p (cos ^ cos b cos (Z ~ A) + sin fi siu ?() <5x 

In these several equations, r is the sidereal time expressed in arc; and, by taking for 
the unit of time that in which the earth rotates through unity of arc, we may suppose 
6t^Sr. If wo substitute these several expressions in (ii), omitting the factor .oi, 
which renders the terms in which it occurs unimportant, omitting also the terms which 
contain sin b sin tt or sin^ 6 as a factor, wo find : — 

61'— \i-\-p(iO^(l—X) \ 61-^ \i^pms{l~-r)\ ^J<SA' 

+ { [i +i' cos (? — A)] ~ -\- p cos (p' sin tt [sin cos _E sin (?— A) 
— sin Z; cos (^ - A) ] ]St + /) cos /3 sin (? — A) 67c. (12) 

6b' — <5& + -— <SA' -\-l~-\-p cos q)' cos E\ Sr 

+ { sin 6 cos /? cos b cos {l-~\) — mi /3\ p Stt. 
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T]io coefficients of Stt in tliese equations may be obtained with greater ease, and 
ivith ample accuracy, from tlie t 



dV _l' — l 
rf;r ~ TT ' 
(11/ _ b'~h 
cItt tt 

Our next step will be to substitute the corrections of the moon's longitude in orbit 
and of the position of the plane of the orbit for those of the ecliptic longitude and 
latitude. Let us put 

V, the moon's longitude in orbit, counted from a departure point in the orbit; 

0, the longitude of the node ; 

(S, the longitude of the perigee ; 

i, the inclination of the orbit ; 

u, the argnment of latitude ; and 

/3', a latitude counted in a direction perpendiciilar to the plane of the orbit; 

the ecliptic longitude and latitude will then be given in tenns of u-, 6, and i, by the 
equations 

tan (1—6) zz cos i tan % 
sin 1) z= sin i sin u; 

whence wo derive, for the differential variations, 

cos h Sl-zz cos h 68 -\- sec 6 cos i Su — sin b cos {I — 9) Si, 
cos h Shz^ sin i cos u Su + cos i sin u di 

As we have defined v and /?', their variations are given by the equations 

dv =z Su -\- cos i SO, . . 

6f3' = sin ti Si ~ sin i cos ^^ 69. "^ 

The relation of these four equations is such that cos b 61 and 6h admit of being 
expressed as functions of 6v and 6/3' simply. The equations for this purpose are : — 

cos b Sl=S2^ sv - sin i cos (I- 9) 6/3'. 

cos^ (14) 

r -, 6 '" 

CDS 

In fact, by substituting in these equations the values of Sv and 6v' from (13), we 
shall reproduce the expressions for cos b 61 and cos b 5& just given. 

If wo determine an angle a by the equation 

sin a — sin i cos {I— 9), 

we sliall have 

cos i 

—^ = cos a ■ 

cos 
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and a will then be tlie angle wtiielj. the moon's orbit makes with the parallel of lati- 
tude. 

If in ( 1 2) we put, for brevit;^, 

I -\-i) cos {l—V)—f, 

the quantity / will be so near nnity that we may suppose -56 to be multiplied by it 
without any sensible erroi-. Takings, next, so much of the expi-ossion for M) in (8) as 
depends on the place of the moon, namely, 

6'D — cos & 8X sin m -\- Sb' cos ni, 
if we substitute for &l and 81' the terms of (12) which depend on 81 and 61^ we find 

51) -zzf (sin m cos & (5/ -f cos m 5h) ; 
while substituting the angle a, (14) become 

cos h Sl^i cos a. 5v — sin « Sf3', 
6h zz sin a 6v -l- COS a 6^'; 
whence we derive 

5Z>=/{sin (w + a) c^v + cos (m + a) S0'\. (15) 

If we substitute for 6v and Sfi' tlieir values in (13), we shall iiave 
6D =f { sin (m -\-a) Su-\- cos (m -f- a) sin u Si 

-\- [cos * sill (m + a:) ~ sin i cos (m -j- a) cos m] (Sfi } , 
Representing the moon's mean longitude counted in the usual way by «, we shall 
have 

Q representing the equation of the centre and the other inequalities, and being a func- 
tion of e, ®, and 0, and of the sun's mean longitude, which we represent by e'. We 
then have : — 



Sv^(i+i^^Se^'l^Sw + ^S9. 

\ ds J dm de 



(.6) 



da) :, do . 



Owin^ to the minntenoss of the terms o£ JS which contiiin e', as well as of 
,dO 

dv _ d^ I - dv 

ds "^ de n' dt' 

without an error of more than of the whole expression. We have also, "with slifii- 

500 

cient accuracy, 

dQ 

— =: — 2 6 COS a ; 
das 

ff being the moon's mean anomaly. The coefficient ~ may be omitted entirely- Sub- 
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etituting in (i 5) tlie vdue of S/S' from (13), and that of 6v from (16), after making the 
substitutions just indicated, we find 

SD~f\dxi.{m-\-a)l.~ds~ 2 sin {m + a) m^ fj e (^55+ cos (m + a) sin M (5i 
— cos (m + o:) cos u sin i SO \. 

In the use of this formula, ~ may be substituted for -- 1 owing to tlte compju-ative 
minuteness of the difference between the two expressions. 

Next, to find the vakie of y- or ^—, we substitute the proper terms of (12) in (8). 
From the latter we have 



\dt dtj' 



(ID . , / dl' dL\ dh' 



and from the foi-mer, omitting the factor /= i + ^ cos (/ — A), 

~dt~Jt'^ ^ ^"^^ ^' ^'"^ '^ ?sin /? cos E sin (^ — A) — sin IfJ cos (^ — A) |, 

-77 — ^ + p cos cj cos _E. 
dt dt 

For the terms of -^■, independent of tlie moon's parallax, we find, with sufficient 
approximation, 

- ~£ ^"^ *•"* "^ "'•'' '^^' 7/ '*'" '■"* + "'^■ 
For the other terms, we determine the quantities h and ^p by tlie equations 
cos ft z= cos ^ cos JB = sin to cos t ; 
sin h sin (^ — A) = sin E- 
sin A cos (i^ — A) = sin /? cos -E. 

The angle It is to be taken between 0° and 1 80°, so that sin It, like sin >; Is 
always positive. With this restriction, zf> ~ A may be obtained from the formula 

tan(.^-A)=.t^^. 
^ '^ ■' sin A 

The angle V — A must tlierefore be included between the same limits. If we omit 

the factor coa 1>, the terms which depend upon the parallax now become : 

p cos ip' sin TT (sin h sin m sin (I — f) + cos h cos m). 
The entire expression for - - now becomes 



df 



dJ) dl 



'dt ~ dt ^'^ ^"^ + '^) + /^ c"^*^ 'P' ^i" ^ (si" ^* '^ii' "» «'^^ (^ - '/') + cos /* cos m) — — ^in m. 

ft, being a function of r simply, and independent of the place of observation, may 
be tabulated with r as the argument. 
9 75 Ap. 2 
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For the coefficients depending on tlie longitude of the place, we have 
for which we may pnt 



dJ) rdl . , d'b 

-j^ = / Tf sm m + -j- cos t 

dX' dt dt 



dJ) rdv . /■ . , 

For the coefficient in respect to the pai-allax, we have 

dD I'— I , , V—h 

— =: sin m. -\- —~ cos m. 

djr 7t Tt 

In those of the preceding expressions which depend on tlie adopted unit of time, 

it will be remembered that this unit is tacitlj supposed equal to the time in which the 

earth rotates through the radius unit of arc, or 

24 sidereal hours 



In sidereal time, 13751'= 229'°.2 = 3''.82; 
In mean time, 13713" = 228"'.6 1= 3^8I. 
Numerical factors will be required when the second is taken as the unit of arc. 

The formula; to be actvially employed in the computations may now be recapitu- 
lated as follows : — 

( 1 ) From the geocentric latitude of the place, gs', and the sidereal time at which 
an occnltation was observed, r, compute the ecHptic co-ordinates of the observer, A, 
p sin /?, and p cos /?, by the formula; : — 

p cos /? cos X ^ p cos (p' cos T, 

p cos /? sin A. =: Jc' cos (m' — 00), 

p sin /? = k' sin (m' — (») ; 

the quantities k' and u' being first determined from the equations 
k' sin u' ^p sin tp', 
k' cos m' zr p cos q/ sin r. 

h'ive-place logarithms are always sufficient for this computation. 

(2) Put 

p z=. p cos /? sin TV, 
f[^ p sin j3 sin tt; 
and compute B, I', h' , and s' from the equations 

R cos b' sin (V — l)z:zp sin {I — X), 
H cos y COS (J' — I) Z-. cos h — ]} cos {I — X), 
B sin h' :=. sin 6 — q, 

,_ [4.7 5002] sin TT 

' - TT ' 
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^ , h, and tt being tlie tabular geocentiic longitude, latitude, and parallax of tlie moon 
for the moment of observation. Here 5-place logarithms are enoug-li for terms having 
sin ;r as a factor. Elsewhere, 6 are required. 

(3) Having found the apparent longitude and latitude, L and B, of the eclipsed 
sun or occulted star, find D and m from tlie equations 

D sin m = {I' — L) cos ^ (h'-\-B), 

D cos m := fc' — Bf 
using 5-pIace loganthras. In the computations of the differential coefficients which 
follow, 3 places are sufficient. 

(4) Find the angles 'E,-ip — X, and /i, all between o" and 1 80°, from the equations 

cos E r= sin gd sec /3 cos r, 

cos h, Z2 sin as cos r, 

, , , T , tan E 
tan ( «> ^ A) z= -i . 

For any one place, these angles may all be tabulated as a function of r ; and the 
"Vahies of sin 1i and "cos h, being independent of the latitixdo, will answer for any place 
whatever. 

(5) Find a from the equation 

«=:r 5^.14 sin h, 
which may bo tabulated as a function of m. 

(6) Put (}') for the motion of tJie moon's geocentric longitude in o^^oi, expressed 
in minutes of arc. Then 

dv _ (Ij 
de ""7.90' 

(7) Find the moon's mean anomaly, </. When Hansen's tables are employed, 
the disturbed anomaly may be used, and found by the formula 

^=i3°.o65(^- 15.18). 

(8) The several differential coefficients which admit of being determined from 
the eclipse or occultation are then as follows : — -- 

dl) dv . , , . 
^-"^- sm {'iu-\- a), 
as as ^ ' ' 

-=— = — 2 cos (I sni (m 4- a). 
edm J \ ^ J 

dD r , \ 

T-j- — — cos « COS \m + a). 

dD . r , \ 

—p- :=. sm II cos [iJi -\- a). 
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(IT) . ^ . 

^^~ ill ^\n(m 4^ a) 
dt "14.4 ^ ^ ^ 

+ 1 5-05 p cos q)' sin tt {sin /; sin «; sin (/ — 'tl') + cos /f cos in\ — ^ — '■ sin m. 

14.4 

rf73 rr) . , , , 

^ _v_Z- sm [■»*+ a). 
d\ 14,4 

Tn case of an occullatlon, the equation of condition will be 

^_ 5£ -^ — e SwA- etc. = 5 — /A 

m e aoj 

A similar formula will Jiold for eclipses of the sun computed in this way, except 
that the distance of centres determined from the ohserved phase must be substituted 
for s'. 

§ 7. - 

EFFECT OF CHANGES IN" THE LCNAE ELEMENTS UPON THE PATH OF THE 

CENTBAL LINE OF AN ECLIPSE. 

Not only in all ancieut eclipses, but frequently in modern ones, the data derived 
from observation are not times, but the lines along which the edge or some point of the 
shadow passes. To utilize such observations, it is necessary to express the change in 
the central line due to changes in the moon's co-ordinates or elements. This I liave 
done by Bessel's fomml^, in the very simple foi-m in which they are developed by 
Professor Peiece in his Tngonomdry. The notation is as follows: — 

A, the moon's geocentric longitude, minus that of the sun ; 
^, the moon's latitude, diminished by that of the sun, if necessary; 
E, the obliquity of the ecliptic; 

ti, the angle of position of the great circle drawn from the centre of the sun 
through that of the moon, measured toward the east from the circle 
drawn to tlie pole of the ecliptic; 
CO, the angle which the same circle makes with the meridian passing through 

the sun ; 
?r, the sun's equatorial horizontal parallax at the time ; 
iT, that of the moon ; 

y> the angular geocentric distance of the centi-es of the two bodies ; 
m, the ratio of their linear distances from the earth's centre ; 
c, the angular distance of the centres of the earth and moon as seen from 
that of the sun; 
a', S', the right ascension and declination of the sun; 
a, d, those of the line joining the centres of the sun and moon ; 
L, the sun's longitude. 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 



69 



We tlien have :- 



tan y sinwritan A. 
tan y cos M =: tan fi sec A. 
sin TT 
sm n 
c zz 206265" mtan y cos y. 
tan (ti—co) =: cos i tan t: (i) 

d iziS' — c cos CD. 
a=za' — c sin ft) sec d'. 
d)' ::^ ci) —' C sin ro tan S'. 

_^^ _ sin_(x+jO , 
sin i7 

The co-ordinates of the point in wliich the centre of the shadow intersects the 
plane perpendicular to it passing through the centre of the earth will be, wlien reck- 
oned in the usual way: — 

X ^z M sin a>'. , -. 

-n / (2) 

y ■=: M COS GD . 

Next, putting- 

ip', the geocentric latitude of a point on the earth's surface ; 
p, its distance from the eai-th's centre ; 

fj.', the west hour-angle of the axis of the shadow counted from the meridian of 
the place; or, 

fjf = sid. time — a = apparent time + c sin w sec 6'; 

the corresponding co-ordinates of the place are 

5 ~ /) cos qj' sin /i', 

t] zz: p (sin (p' . cos d — cos q> sin d COS //'), (3) 

^ zz p (sin g>' sin d -\- cos (p' cos d cos /^'); 

and the hourly vai'iations of the first two are 

5' =; [9.4192] p cos <p' cos /-(', 

?/' =: [9.4192] p COS 93' sin d sin //'. 

The distance of this place from the axis of the shadow at any time is 



The quantities x, €, y, and 't}, which enter into this equation, are functions of tlie 
time and of the elements of the lunar orbit. The datum supposed to be given by ob- 
servation is the least distance of the place from the axis of the shadow, or tho minimnm 
value of the above expression. "We are to express this minimum value in terms of the 
tabular elements and of the corrections to the moon's longitude and latitude and to 
the longitude of the sun. To compute the tabular minimum, we are supposed to be 
able to fix a time, r, so near it that the differential coeiEcients of ^, r), x, and y may be 
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regarded as constant during- the interval between r and the time of minimum distance. 
We, therefore, suppose that for a time, t, including the moment in question, we have : — 

1] = v„ + v' {t — t), 

the subscript zei'os indicating the tabular values at the time t. Now, putting-, for 
brevity, 

X =Xa-~ So, 

T~ijo-%, ^. 

X'-x'~ f,\ ^^^ 

T —y'~ rf, 

the square of the distance of centres at the time t will be 

x? + p+2(xs + rr) (t^r) + ( jT" + 1"=) (( - t)«, 

wliicll "\vill be at a minimum ivhen 

XX' + rr 



- X" +Y" ' 

The minimmn valae of tlie square will be f(mucl by sub.stitatiiig tins value o{ t - 
the preceding equation, and is 

(X'r—XT y 
X-'+T' ' 

so tliat tlie actual tabular value of the minimum distance is 

^ x'T—xr 



(6) 



^x'+r-' 

which is positive when the observer, facing in the direction in which the shadow is 
moving, sees the axis of the latter pass him on his left band. As the shadow always 
moves toward the east, ^ will be positive when the axis of the shadow passes north 
of the place. 

The minimum distance being thus expressed as a function of tabular quantities 
at the time r, the change of this distance due to a change in those quantities will ex- 
press the corresponding change in the path of the centre of the shadow, which will be 
positive when the change is toward the jiorth. The changes to be considered will be 
those which will be produced fundamentally by small changes in the latitude, longi- 
tude, and parallax of the moon, and the longitude of the sun. Omitting the subscript 
zeros from x and y, we find, from the equations already given, 

Sx = sin w' dM-^-M cos go' 6g>', . , 

(5*/ = cos m' SM ~ It sin o' Soo'. 

The quantity c is so minute that we may neglect both its changes and the terms 
in which it appears as a factor. Moreover, /?, y, and X are all so small that -we may 
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put their cosines equal to unity without any error changiitg the differential coefficients 
by their thousandth part. 

The rigorous value of (5iJ being 

( „ cos iy -\-c) , ^ I (- ^ sin (r + c) n trr 
sm II ^ sm^ II 

a value correct to it,s four-hundredth part ivili be 

M = ^-il|f. (8) 

sm 11 sin'' 11 

The approximate value of eis - — , tlio denominator beini:^ the ratio of the distances 

^ ^ 400 

of the sun and moon ; a farther approximation to the true value of 611 will therefore! 
be obtained by increasing- tlie right-hand side of the last equation by its four-hundredth 
part. We have, to a still greater degree of approximation, 

6 a)' :iz Sep ■ 

and, by differeutiathig tlie expression for (u — ca), 

<5t» — du z= tan £ cos^ (ti — od) .sin .L 6L. (9) 

The maximum value of this term is 0.4 SL. The probable error of the sun's tabular 
mean motion does not exceed i" per cehtur}'; the ri^lit-hand side of this equation can, 
therefore, scarcely ever amount to 10" during historic times. The greatest error in 
Sx and Sij which can arise from omitting it will therefore be of the order of magni- 
tude 

n 



The maximum value of R being about 4000 miles, the corresponding error in the 
path of the shadow will be less than 400 yards for the most ancient eclipses, and less 
than 50 yards for the modern ones, It may therefore lie entirely omitted, which will 
make 

"Wo have thus made the variations of x and y to depend on those of u, y, and 77 hy 
the equations (7), (8), and (9). We have next to express the variations of u and y 
in terms of the variations of the elements on which they depend. Since we suppose 
cos y, cos A, and cos ^ to be sensibly unity, we find, by differentiating the first two of 
equations (i), 

sin ill 6y -\-y cos M Sti zz SA, 
cos tt Sy — y sin ?( Su — S/3 ; 



whicli give 



Sy zz sin zt 5X -\- cos ii S/?, 
^ Sll zz cos udX — sin u Sj3. 
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If we substitute in (7) for M is approximate value -. — ~, and for SB and 6a?' the 

sm // 

values derived from the erLuations (8) and (9), the expressions for Sx and Si/ reduce to 



cos(t(— o) sm(u — GD) ysmw 

sm n sm n ' sin-* 11 ' 

sm(u~ia') coa(j!,— a)') y cos ay' 

Sii ~ '\ — Y^—' dX + — ^i — j-~ SB ~ ^-, =- SIJ. 

•' sm 11 ' sm il ' sm'' 11 



(10) 



As abeady shown, if wo put g? in place of <«?', the error thus introduced will be, 
at its maximnm on! j about ^ of the total amount of the corrections, which will bo 
quite unimportant in all cases. If we suppose the right ascension and declination as 
well as the longitude of the sun to be known, wo have 

sin ci 
cos {M — ft)) ^ '---^-i-, 

sin {u — (o) z= cot Z tan S' , 

which may be substituted in (10). But, a^ « — go has necessarily to be computed, it 
may be more convenient to use the equations unchanged. 

The expression (6) for J contains not only x and ?/, but their derivatives with 
respect to the time, which are multiplied by the interval ( — r. Since we can choose 
the time r as near as wo please to the moment of passage of the shadow, we may 
make the effect of these terms as minute as we please; but, owing to the extreme slow- 
ness with which u — cd changes, the effect of 6\ and S0 on the derivatives of x and y 
will under all circumstances be insensible, while the minuteness of the correction to 
the pai-allax will render the derivative of the last term of Sx and of Sy inappreciable, 
We may therefore suppose 

p(fe d X 

dy _ dSy_ 
dt~ dt 

We have next to investigate the changes which may be produced in ^ and 7 by 
changes in the relative positions of the sun and moon. The change in d will bo very 
nearly that in the sun's declination, which can scarcely exceed 20" within historic 
times, and 2" within the last two or . three centuries. These changes would corre- 
spond respectively to 2000 feet and 200 feet on the earth's surface, and may therefore 
be neglected. The changes in ^ and i-j will therefore depend upon those of //', or of 
the hour-angle of the line joining the centres of the sun and moon. If we repi'esent 
by B the equation of time, and by h the local mean time, the value of//' is 

^1 ~ J? „[-. c sin CD sec S ; 

or if, for tlio moment, we represent the west longitude of the point of observation by 
Aj, the value for the assumed time will bo 

{■i' zzr — X^^-—E-\- c sin gj soc_5. (10) 
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Of these quantities, t, the absolute time for which the computation is made, is 
arbitrarily assumed, and is not subject to coirection, the actual time having been elimi- 
nated from the expression (6) for J; A^, the longitude of the place, is necessarily sup- 
posed to be known ; the error of ^ cannot exceed a few seconds ; its effect is there- 
fore insensible ; while c is so small and well determined that the changes in the last 
term of the expression are insensible. We may therefore consider H and rj to be 
unaffected by any changes in the lunar and solar elements. 

It appeai-s, then, ttiat to find the change in z/ we need only cbange z and y. 
We therefore obtain from (6) 

,,_ X8y-Y8x 

or, for the differential coellicients, using equations (lo) and putting & for w' , 
■ Tjd^ _ . jj /dJ dx _|_ d^ dy'\ 
d\ ~~ \dx dX dy dx) 

— ■^' SI T) (w — go)— Y' cos ( u — go) 

- V X' ' + r" "' ' 

- w) 







dfl 




^/X!■'+Y" 






dn SIR 11 


y sin a/ — X' cos Ga' 




^X'-'+Y" 


The 


most 


conveniGnt formaliB 


fon 


computation will be : — 






tan S = 


J" 


.(90° > S'> -90°). 






dJ 
iy- 


sin 


(^u — oj — S) 






sin II 






dJ 


cos 


(u-^-S) 






mi n 






iJ 


Y cos {gj — iS) 






dir 




mr' n 



(I.) 



In these expressions, the unit of J is tiie eai'th's equatorial radius, and that of X 
and /? is the unit radius of arc. It will be remembei'ed that z/ is here the smallest 
perpendicular distance of the place from the centre of the shadow, and must not be 
confounded with the corresponding distance measured on the surface of the earth. 

If nothing more is known of an eclipse than that it was total at a given place, ^ 
may have any value less than the radius of the shadow. We cannot then form an 
absolute equation of condition, but can only assign two limits within which a certain 
linear function of the corrections SX and S/3 must be contained. The following for- 
mulae are sufficiently accurate for this purpose. Compiite the angle of the cone of the 
shadow by the formula 

log sin /= ^[2:5^]; 
r {i — mcos {y-\-c)\ 
10 75 Ap. 2 
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/being the angle in question, and / the distance or radius vector of the aun, its mean 
distance being unity as given in the ephemeris. The formula 

log sm / =1 t-_z — _^L^ 

will answer for all practical purposes. Compute also the distance of the moon's cen- 
tre from the fundamental plane, 

_ cos (x + c)_ 
sin U 
and compute the value of 5 for the place from the third of formula {3). Then we 
have 

pi — (s — ^) tan/— 0.27227 sec/; (13) 

Pl being the radius of the shadow. If now ^„ represent the tabular distance at which 
the axis of the shadow passes, as given by formula (6), the value of ^0 + ^'^ must be 
contained between the limits +Pi and — Pi- The expression for this function is 

fJX dp dvr 

The condition souglit is therefore 

We have now to introduce, in place of X and 0, the mean longitudes of the sun 
and moon and the longitude of the moon's node. Introducing the notation of the 
preceding aiticle, where we have put 

£, the moon's mean longitude ; 

I, its tnie geocentric longitude ; 

(V), the motion of its true longitude iu minutes of arc in o''.o i ; and 

6, the longitude of its node ; 

we shall then have 

SX — Sl_SL— -^-)- Se — 6L : 
7.90 

6/3 = sin i sec /? cos (I — 0) {SI — SO) 



in 



— sin isec^ cos (l~6) i -"^"^ 6e—S8 ). 
V7-90 / 

In the case of a central eclipse of the sun, we may piit see /3 cos (1—9)— posi- 
tive unity when the eclipse occurs near the ascending node, and negative unity when 
it occurs near the descending node, without an error of more than ^ of the whole co- 
efficient, and may talie ± .995 as its mean value. We may also suppose sin i zz .090. 
The value of Sp will then become 

Substituting these expressions for dX and d^ in the expression for Szl, we lind 

M = -!L(^^± .0895 ii) ^« T .0895 'i^ se + iim- ^ AL, (,4) 



■7.90 



\dX d0) ^^ d/3 ^ dn dX 
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in which the differential coefficients are to be taken from (12). This equation gives 
the condition which must be fulfilled by the corrections to the elements in order that 
the path of the shadow may be thrown to the north by the quantity SJ. 

The upper sign is to be used when the eclipse occurs at the ascending, the lower 
when it occurs at the descending node. 

In this formula, we tacitly suppose the error of the moon's true longitude to arise 
only from that of its mean longitude, and neglect the effect of possible errors of the 
eccentricity and peiigee. In practice, the datum which we are considering will be 
used only to determine the correction to the longitude of the node; but to do this, the 
correction to the ti'ue longitude miist be siipposcd known. The mode of expressing 
this must depend on circumstances, and that which we now adopt is that to be used 
for the older eclipses. 

§8. 
OBSERVATIONS OF BQLLIALDUS AND GA8SENDU8. 

The authorities for these observations are the printed works of the authors, 
namely : — 

BuLLiALDus, Astronmnia Philolaica. Paiis, 1645, 

GrASSENDus, Opera, Tome IV, Commentarii de B,ebus Coelestihiis. 

I believe we must accord to Bullialdus the honor of being the first to actually 
observe the time of an occultation with a telescope. We begin with his observations. 
The times have been deduced from the observed altitudes, using the mean places of 
the stars given on the next two pages. The geographical positions of the places of 
observation of the two obsei-vers have been adopted as follows : — 



Latin Name. 


Modern Name, 


Latitude. 


Long, from 
Greenwich, 


log p sin*'. 


,0,,,.... 




Paris. . . 


48 52 


9 21 E, 


9,874- 


9,8rg2 


Lodunum \ 


Loudon . . 


47 I 


20 E, 


9,8622 


9,8344 


Dinia . . 


Digne . . 


44 5 


24 57 E, 


9.8403 


9.8370 


Aquse Sextiie 


Aix . , . 


43 32 


2t 47 E. 


9.S358 


9.8610 

1 



It will be remembered that in making these observations the observer's used no 
clock, but determined their time by observing the altitude of some well-determined 
object at the moment of the phenomenon. The star-positions used in reducing the 
observed altitudes of all the observers whose wort is discussed in the following sec- 
tions are shown in the following table. No refinement has been aimed at in tlieir 
derivation, nor have the places been corrected for nutation and aben-ation. All the 
coiTections which should be applied are completely masked by the probable eiTOvs 
of the observed altitudes. 
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RESEARCHES ON THE MOTION OF THE MOON. 

Approximate Positions of Stars far Clock-error, carried back from the Positions ofl,-^ Verkiei 
{Annales, ii, p, [63].) 





" 


A™„m,b,. 




SiRIUS. 


Year, 


Right Ascension 


De 


clinadoii 


Year, 


Right Ascension 


Dff 


clination. 




h 


m s 








/, m . 






1650 


23 


50 25.48 


+ 27 


9.5 


1650 


6 29 43.2 


- 16 


17,1 


1700 




52 58-11 




26.0 


1700 


31 55.5 




20,2 


1750 




5,S 31-17 




42-5 


1750 


34 7-8 




23.5 


l3oo 


23 


58 4-66 


27 


59-1 


r8oo 


36 20.1 






1830 





38,58 


28 


15-7 


J850 


38 32-4 




30,8 


ItJOO 





3 12.^3 1 + 28 


32.3 


1900 


6 40 44-7 


- 16 


34-7 






« Akietis, 






a Orionis, 






h 


m s 








/- m r 1 




j6oo 


I 


44 4^.23 


+ 21 


31 46 


7 








1650 




47 35-13 


21 


¥> 37 


7 1 165a 


5 36 14-57 


-+■ 7 


17 7 


1700 




SO 21,51 


2Z 


I 22 


7 1700 


38 56-59 




18 44 


1750 




53 3-40 




16 I 


7 '750 


41 38. 6g 




20 10 


1800 




55 55-78 




30 34 


8 1800 


44 20.86 . 


21 24 


1850 


1 


58 43-65 




4; ' 


g 1850 


47 3-II 


22 27 


igoo 


2 


I 32.02 


+ 22 


59 23 


I 1900 


5 49 45.43 ■+ 7 


23 18 






<i Ceii, 






Tauki. 






h 


"' ' 






1600 


A m s 
5 I 5.11 


+ 38 


10 51 


1650 


2 


44 3. 1 


+ 2 


40.9 


1650 






14 50 


1700 




46 38.7 


2 


53.3 


1700 


7 21.88 




1 3 35 


1750 




4<) 14.5 


3 


5-6 


j 1750 


10 30.61 




22 7 


iSoo 




51 50.4 




17.8 


1800 


'3 39.57 




25 25 


1850 




54 26.5 




ag.g 


1850 


16 48.77 




=3 30 


190Q 


^ 


57 2.q 


-H 3 


41.8 


■ I goo 


5 19 58. 19 


+ 28 


31 21 






Aldebaean, 






Peocyon. 






h 


m s 








i 1/1 s 


■ „ 


1600 


4 


13 4.17 


+ 15 


37 37 


4 1600 


7 IS ig.oo 


-h 6 


10 50 


1650 




15 54.61 




44 54 


9 1650 


20 56,75 


6 


4 18 


1700 




18 45.32 




52 I 


1700 


23 34-41 


5 


57 35 


1750 




21 36,31 


15 


58 55 


7 1750 


26 rr.97 






lEoo 




24 27.57 


iC 


5 39 


I Boo 


28 49,44 




43 36 


i8so 




27 ig,ii 




la 10 


g 1850 


31 26.81 




36 20 


1900 


■^ 


30 jo,g2 


-1- 16 


18 31 


4 1900 


7 34 4.og 


+ 5 


28 53 






C A PELL A. 






Pollux. 






h 


m s \ ' 






A m s 






160Q 


4 


47 18, 16 


+ 45 


29.8 


1600 


7 20 43.08 


+ 28 


54 42 


1650 
17CM 




50 5^^-94 




34-3 
38-6 


1650 
1700 


23 48.62 
26 53,86 




48 47 
42 39 


1750 


4 


58 15.97 




42.7 


1750 


29 58,81 






1800 


5 


I 56.22 




46.6 


iSoo 


33 3.46 




29 46 


1S50 




5 36.97 




50-3 


1850 


36 7.81 




23 1 


I goo 


S 


9 18.20 


+ 45 


53.8 


igoo 


7 39 11.87 


+ 28 


.6 3 






/3 Orionis, 






Reoulus, 






h 


>« J 








// m , 




i6S0 


4 


57 45.0 






1650 


9 49 39.73 


+ !3 


3g 1.9 






1700 


5 


8.; 






1700 


S2 20.91 




24 53.8 






1750 




2 32.1 






1750 


55 1.77 


13 


10 39-6 






1800 




4 55.9 






!800 


9 57 42-37 




56 19.4 






r8;o 




7 fg.8 






1850 


ro 22.70 




41 53.2 






rgoo 


5 


9 43-8 






1900 


10 3 2.77 


+ 12 


27 21.2 
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RESEARCHES ON THE MOTION OF THE MOON. 
Approximate Positions of Stars for Clock-error, b'c. — Continued. 





,3 Leon IS. 


a hYRM. 


Year. 


Right Ascension 


Declination. 


Year, 


Rig-hl Ascension 


Declination. 




// >n s 






/i m s 




iQoo 


II 28 35.17 


+ 16 48 9.7 


165a 


18 25 5.8 


+ 38 29,5 


1650 


31 g.40 


31 2g.i 


1700 


26 47.2 


3'. 7 


1700 


33 43. « 


16 14 47.6 


1750 


28 28.6 


34.0 


1750 


36 .7.25 


IS 58 5.1 


1800 


30 10. 1 


36.3 : 


1800 


38 50.87 


41 21.7 


1S50 


31 51.6 


38,8 ! 


1850 


41 24.28 


24 37.3 


rgoo 


18 33 33-2 


+ 38 41.4 ! 


1900 


11 43 57.49 


+15 7 52.0 








SVICA. 




(t Aquii.«. ! 




i m s 






/; «/ J 1 , j 


1600 


T3 4 14-03 


- 9 2 46.0 








1650 


6 50,24 


i3 51.7 


1650 


19 33 41.91 


+ 7 59-2 


1700 


9 26.72 


34 53.7 


1700 


36 fi,44 


8 6,4 


1750 


13 3-47 


9 50 51.9 


1750 


38 34-94 






14 40.49 


10 6 46.4 


1800 


41 1,40 


21,0 { 


.850 


17 17.77 


22 37.1 


tSso 


43 27-83 


28.6 ■ ' 


1900 


13 iq 55-33 


-10 38 24,1 


1900 


19 45 54-22 


+ 8 36.2 i 




ARCTIIEUS. 




. Cvg:.,, j 




/! >;^ s \ ' 




A m s 




1650 


'3 55 43.0 ; + 2i 1.7 


1650 


20 29 31,00 


+ 44 3-4 


1700 


14 I 59.5 2U 45-7 


1700 


31 12,95 


13.fi 


1750 


4 16.0 1 29.7 


1750 


32 54. g6 


23.9 


1800 


6 32.6 . 20 13.8 


1800 


34 37-02 


34-3 1 


1850 


8 49.2 i 19 57.9 


1850 


36 19.14 




I goo 


14 II 5.9 1 + 19 42.2 


1900 


20 38 I. 31 


+ 44 55-4 




a C0KQN.E BOHEAI.IS. 




a. PeoAsl. 




/,.«.! = < 




// m s " ' 


1650 


15 19 53-1 ; + =7 55-6 


1650 


22 47 22.06 + 13 20,0 


1700 


21 59-S 


44-9 


1700 


49 50.74 35-9 


1:750 

1800 


24 6.6 
26 13.4 


34.3 
23.7 


laoo 


52 19.54 13 51.9 

54 48.47 14 7-9 i 




23 20,3 


13-4 


■ 850 


57 17.52 24,0 


iqoo 


15 30 27,2 


+ 27 3.1 


1900 


22 59 46.70 + 14 40,1 















Observations of Bullialdus. 



From Aib-onomia FMlolaim, 
Anno 1623 July die 5 cum Lnna« centrum altum esse 
Spicae Virginis a J) . 

BoLLiALDus adds that the moon 



i7i^ Harisiis observavi occultatioueiii 



3' north of the star in latitude ; and 
having thence compiited its position, he adds:— "fuit Hora Parisiis ex altitudine Spicae 
g. 17.7'. post meridiem ix. 30'." There is therefore some doubt whether the actnal 
observation of altitude was made on the moon or on Spica. The correspondence 
between the difference of altitudes and difference of latitude is somewhat suspicious. 
The apparent places of the two objects are, as a first approximation:— 

Spica^ A. E. = 13" 5" 27% Dec. — — g" 10'. 

Moon, A. R. = 13'' 4™ 40'; Dee. — — 8° 46', 
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78 RESEARCHES ON THE MOTION OF THE MOON; 

The place qf tlie moon is that computed from Hansex's Tables for 9'' t,;}"' 3 7' Paris 
time, and corrected for parallax. 

Tlie local times thence deduced are:— 

From alt. of Spica, ly"" 7', Sid. T.zz 16'' 27'" 15^ M. T. - 9" 33™ 18". 
Moon, iy° 20' 16'' 26™ 58'; g^ 33"" I^ 

The results agree well enough, but the fact is that at this time the tables, which can- 
not be 3' in error, show the apparent distance of the centre of the moon and Spica at 
this time to have been about 28', so that the star must have been some i^' distant 
from the moon's dark limb. The moon was then a few hours past her first quarter. 
Moreover, the moon was about 20' north of the star in latitude, so that there could 
not have been an occultation at all. Indeed, a careful reading of Bullialdus's deduc- 
tions from his observation seems to indicate that he considered the two bodies to have 
the same longitude .at the moment of the observation. Now, we must adopt one horn 
of this dilemma : either (i) we have to deal with such a blundering observer that he 
thought a star at the moon's limb when it was 23' distant, and in conjunction when 
tlie difference of longitude was some 20', and that when the dichotomized position of 
the moon was most favorable to the observation; or (2) he made a mistake in reading 
his altitude from the quadrant, and a consequent error of some 40™ in his computed 
time. The latter seems likely to be the correct explanation. 

GrASSENDUS at Digne was more successful. At the time when the altitude of 
Spica was 10° 46' (local mean time, 10'' 32" 40^), he says Spica was in the same right 
line with the cusps of the moon, the space being apparently equal to the diameter of 
Arcturus. This was 4.$^ in absolute time later than the. observation of Bullialdus. 
On the whole, we can do nothing with this observation. 

The next occultation is one of ct Leonis, 1 62 7, June 1 7, and is quoted by Gassendus 
as follows ; — 

Eaudem Occultatiouem Ismael Bullialdus obeervavit Lodiiui(qaod oppidnin Pietanio est diiTcte 
in Boream ac dist,at ab eo leneis usualibns 10 sen Germaoicia 6j^} bora 9 min 33 eiiin meinpe D a 
vertice foret 73 grad. 32 min. iJota Polarem elevationem illeic esse 48'^ i'. 

From the description, this place must be Loudon, the latitude assigned being i'' 
in eiTor. It should be 47° i'. 

The altitude gives: — 

Local mean time of occultation g'' 29™ 42^ 

Grreenwich mean time 9'' 29'" 22^ 

Page 1^3. — A.11UO 1634. Julioduni apud Pictories cuius MeridiaDus removetur a PaHsictiKi 
occasuiii versus, quadraiito feriae borae iiriius, ob,«ervavi ocdidtationeiii unguli orientalis qiiadrilateri 
Pleiadmn quae & lucidii Pleiadiuu dicitur iuterventu Luuae factaiii Deucmbria dit! 30 in disfaiitia 
ociili Tauri i v«rtice p. 57. 18'. Hor. 5. 42' vesper<\ 

The position of Loudon is <p = 47° i'; A. ^ o"' 20^ east from Greenwich. The 
position of a Tauri was R. A, — 4'' 15"' 3''; Dec. = +15° 43'. We hence find: — 

Hour-angle — 3" 54™ 30' 

Sidereal time o'' 20"" 33* 

Local mean time 5'' 44" 4* 

Greenwich mean time 5*" 43"" 44". 
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Page 166. — Aiitio 1639, Aprilis die 7. in allitudiue Procj-ouis g. 33. 52/ Parisiis, id est Hor. 
9. 8.' T. A. Uraiiiburgi H. 9. 56.' T. A. at medio H. 9. 54.' vidi Lunaui litubo obscuro oecultare atel- 
lam qninlae magnitndiiiiB, qaao est in origine coruu Borealta Tanri, 

Tlie result of the altitude of Proeyon is: — 

Local mean time 9'' 9'" 42^ 

Local sidereal time 10'' 13™ 13^ 

Greenwich mean time ..,.., 9" o'" 21*. 

The star occulted is rTauri. 

Page 167. — Auiio 1641. Aprilis die 13 alto versus oecasuro Iliimoro Dostro Orionis g. 24 o'. 
Hor. 8. 8' Parisiis, Lima milii occnltavit o<;iilum Uoreiim S . (Locus Tyehon n g. 3. 27'.) 

The resulting local times are : — 

Siflereal 9'' 42'" 7* 

Mean _ 8'' 13" 4". 

The occulted star is e Taiiri. 

Eclipses and eccuUations observed l>y Gassendus. 

1621. Meuse Maio^ Die 20. (sen ut vulgiis numerat, die zi. Mane) Bclipsin Soils banc observa- 
bam Aquis-Sextiis. Modus autem Observationis fuit hniusmodi. Trajieiebantar Eadii Solares in 
citmerain rit6 oeclusam per probatum Telescopiam foramini idoneo in supreina fenestra a[»paratnm 
et fiilero ad motus poaitusqtie varios acioomraodato itnpositum. 

AderatibiG-ermanuB meus, quiTeleacopiuui motltando, circellura lucisiii coiicavo, sen iiiferiore 
vitro apparenteiii continno restitiieret, destineretquo in medio. 

Excipiebam ego Radios afferre piano solido, papyro Candida obdacto. Diixerain in eo Circu- 
lum, in quem radii cogerentur, ut iu ellipsto non excurrerent. Diametrum pede Parisiensi ali- 
quaiito majorem diviseram in parteis aeqnaleiis, sen Digitos 12. & quemlibet Digitnm ita aubdis- 
tinxerain in denas & quiuas parteia, ut liceret etiain singula ininuta per interstitia colligere. 

Utramque etiam semi-circumt'erentiaui lu 180 parties distribaeram (initio utriusque divisionia 
facto ab ipsa Radice prirui digiti.) turn ut m magna oecnltatioiie lioeret semper, usurpata lieiiic 
inde aequali ad interlectioiies Oirculoiuni lucis, &. umbrae distantia, cogere radios in Circulura & 
nimoreui uiaximnm umbrae in Diametium rejicere; tum ut exiude Diametrorum utriusque aatri 
appareutiuni habei'i posset mutua pioportio. 

Aderat praedictas Galteriusiu proxima Camera, assidae sectatus Soils altitudinem Quadrante 
Kadii plusquam bipedalis. Erat verb penes me, qui statim atque appareret obseura'. ionis ves- 
tigium, iolu parieti impaeto, luoineutum ipsi signiflearet. Quare boo signo nctavit praecis^ Solia 
altitudinem initio Eclipseos; neque ratione absimili eandem accuratfe accepit in fine, sen quo 
momeiito obscnratlo ex circnio prorsixs evanuit. 

Omnibus ergo apprimfe iustructls, observaturi adfuimus ab bora cireiter 6. ita scibcet vere- 
bamur, ne fallen tecalculoinitinm praeterlaberetur, OumqueO tempore Eclipseos suppoiiaturfuisae 
iu o, grad. 15. min. n apparvit nobis praedicta die 20. Eclipseos. luitium hora 19. miu. 5. sec. zS. 
elevato nempe © 25. grad. 30. min. 

Finis Lora 21, min. 31. sec. 12. elevato scilicet 51. grad, 17, miu. 

Ac medium prolnde contlgit bora 20. min. 18. sec. 30. 

Et tempns incidentite fuit bora i, miu. 12. sec. 52. 

Et tota dnratio borarnm 2. min. 25. sec, 14. 

Digiti ecliptic! maximae obscurationis fuenint 9. miu. 23. 

Et quia tum deficiebaut nfcrimque ex circumferentia gradus 77. tiiln. 30', lieinc aequales visae 
arguuntur Lumlnarium Diametri. 

Fuit Luna Soli Septen trio u alls ; quod eirculos nobis cltra teleseopium temerari caeperit ad 
Austrum. 
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Fuit Goelom iuterspersam totum tempore Eclipseos rarioribiis nubilis, Juvabant ilia iit © pos- 
set couisplci oculo (evil iueoHiiiventi, & spccilio quidem masiuofe. Conspectus verb est etiam innosiii 
turn iu speculo, turn in aqua limpida; cum utrobique tres videreiitur cxtiiberi Solew, quasi tres 
Lnnae corniciilatae ex ordine posita-e, versis cornibua ad Oecasnm. 

The altitudes give : — 

Local mean time of beginning- . . 19'' i™ 37*; of end, 21^ 27™ 17" 
Greenwich mean time of beginning . 18*' 39'" 50*; of end, 21'' 5'" 30". 

1627. Mease Judio, Die 17. Vesperi, liaac occaltationem Cordis Leonis k Luua observabam 
Diniae, c&m scilicet foret Cauda Si, alta ad Occasum 25. grad. 13. min. hoe est, Iiora 10. min. 30. 
praecis^ (atebar dicto iam ante Quadrato, cuius umbra recta, seu taugens exhibuit parteis 4710) 
Luua, turn cornionlata limbo sno Orientali, aeu parte obseura Cor. SI snbiit. 

Porrti tum tectara trieute it cornu inferiori; tandem verb texit non multo amplius qaadrante. 

Observata eat autem non uudo solum visu, quo Stella videbatur Lunam, quasi adrepeiido, 
radere; verilm etiam per Telescopium, quo distautiola qaaeque ad occultatiouem tisque distinct^ 
pereepta est. 

The altitude of /? Leonis gives : — 

Local mean time of occnltation 10'' 30"" o^ 

Greenwich mean time 10'' 5'" 3". 

1630. Caet«rum copiam h SchicJiardo nostro tibi iam existimo factam meae illius observatiouis 
circa Eelipsiu Soils nuperam diei 10. Junii. 

Page 545 — Nisi fuerit, scito nobis in liae Civitate (cujus latitudo est 48. grad. 52. min.) illius 
initiumcoutigisse Sole ad occasum alto grad. 14. min. 40. seuhorapost meridiem 6. miu, i6j^. Finem 
videre non potuisse, proper Solis occubitum, ciim ttuorum jiropfe digitorum foret adliue obscnritas. 
Medium, quatenus licuit, observatum proxime fuisse Sole adhuc elevato grad. 6. min. 20. sen bora, 
circiter 7. min. 12. 

The place of observation was Paris The altitude gives : — 

Local mean time of beginning June 10, 6'' is"" 1° 

Greenwich mean time of beginning Jtme 10, 6'' s"" 40°. 

Page 547. — 1632. Februarii,die 5. — Credebam etiam facilfe fore,ut Luna duntasat Martem strin- 
geret: nisi quod ad coustitutionem Poli Eclipticae respicieus, non omuinb desperabam, quin vel 
taatillum occultaret. Nee vero vana fait spes. Siquidem iam sub lior. 3. cilm plurimum illi quasi 
adrepsisset, ac Mars proxime accessisaet ad verticalis Lnnae planum, tum demum Luna Martem 
oeculuit. Contigit ista oconltatio, cum limbus illae Lunae supremus foret altus ad occasum grad. 
44. min. 17. & eodem tempore Arcturus foret altus ad exortum grad. 56. min. to. Espectato 
postesl egreasu, etsi vapores iam fueraut longfe ampliiis denaiores faoti, variegataque irradiatio 
circnm Luuam diffundebatur; apparvit tamen emergens in multa iam iiiclinatioue ultra planum 
verticalis, cum idem limbus Lunae supremus esset altus ad occasum gr. 39. min. 57. eodemque 
moinento ad ortem foret Lucida Ljrae alta grad. 31. min. 54. 

The observations give : — 
Immersion, from altitude of Arcturus, Local M. T. is'' i^"* 39'; ^- M- T. 15'' 9'" i8\ 
Emersion, from altitude of a LyrjB, Local M. T. i 5" 47""' 31'; G. M. T. 1 5" 38'" 10*, 
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RESEARCHES ON THE MOTION OF THE MOON, 
Eclipse oj 1^331 Aprils, obseriid at Dt^iu 



Phases 


yuaiititis 


,r:.-. 


Gcailus incli- 
Verik. 


Alt, in 
parlibua. 


,„-. 


■leu respeclu 
htbito tun 
r^fr lull 


gitur f.iissc. 
ho. n.n. 


Proportio Dia- 

Diametr. G 
SitQ, Sem. 


3. 


4. 30 
5- 42 
7. 

7. 30 

8. 6 

G. 43 
6. 36 
6. 12 

5. 30 
5. i3 

4- 30 

4. 18 

3. 
2, 42 

I. 36 
0. 54 
Finis 




65. 

73- 
70. 
6S. 

(i7- 
&5- 
64. 

62. 
60. 
55- 
53- 
52. 
50. 
48. 
45- 

35. 
30. 


38. 
50. 

60. 
62, 
72. 
85. 
107. 

117. 

125. 
128. 

J32. 
134. 
13&. 
13S, 

141. 
142. 

1 48. 


5150. 

4050. 
3950. 
3800. 
3720. 
3540. 
3450- 
33"o. 
3030. 

2^20. 

2850, 
2800. 
2750- 
2670. 
2560. 
2450. 
2350. 

2z6o. 
2230. 

2T60. 

2060. 

iqoo. 

1740. 
1600. 
1420. 


„. 3. 

21. 33. 

20. 2}. 
rq. 30. 
ly. 2. 
18. 16. 
16. 5[, 
16. .7. 
15- 54. 
IS. 30- 
15. 23. 

14. 22. 
13. 4<'- 
■3- 13- 
13. 44. 

18. 34. 

11. 19. 

10. 45. 
9- 52. 

g. 5- 

S. 5. 


27, 12. 
20. 43. 

20. ig, 

ig, 25. 
i3. 5ft. 

18. y. 

ifi. 41. 

ifi. 9. 
15. 46. 

IS- 3'. 
15- 15- 
14. 48. 
M- i3. 
13- 37- 
13- 4- 
12- 35- 
12. 25. 

II. 9. 
10. 34. 

9. 41. 

8, 54. 

7. 53- 


3. sft- 

4. 26. 
4. 29. 

4. 335- 
4. 3l>. 

4. 43i. 

4. 48. 

4- 5fi. 

4- 59- 

5- 3. 

5. '3- 
5. 16. 

5- 19- 

S. 25. 

5. 27. 
5. 30. 
5. 35. 
5. 93i. 

5- 45- 


15. 2. 
IS. 0. 
15. 8. 

15. 17I. 
15- IS- 
IS- 12. 
15. 7. 
15. 'Ih 
15. 15- 
15. IS- 
IS. 17- 
15. 7. 

15. 12. 
15. 15. 
15. 10. 
15. 2, 

15. s. 

IS. 6. 
15. 2. 

IS- 2- 

14. 52. 
14- 57- 

15. 10. 



The results of tlits observatioiiH will be given in discussing tlie eclipses. 

1635. Aug. 26. — Oceultatio praeccdeiitis diiaruiii Oiindne }■ A d-quia Keplerus inoniierat fore 
lit d Stollas Catidae > tegeret noljia, idcirco attendendiim duxi quid hao de re contiugeret. Et 
iiubea quidem perexigiiani reliqueraiit spem quicquam obsorvandi, ac potissiinnm circa praoeedeii- 
tem dnaiiun J- m tantiH C viciiim, ob illiaa exilitatein; verum tamotsi obstiterunt, quo mimis 
relicta X d deteg[ nsquampotuerit, permi8eretamonipsiusconspectum,quo momeuto obtogi coepir. 
Vane, ac nou siue labore aectatus illam fueram etiain lUiiximoTelcBOopio, ob universi propemoditm 
neris nubilositatem ; sed favore eximio distiuctissimft visa est t, eenaibili iiiterstitio, quousqne paeufc. 
coutigua iuit illustrato margiui orieiitali $ ultra qiieia (adhuo asperatuin) tautillum supererat 
iiiarginis illius obsouu, piaeter quern faeta tandom est. 

Luua itaque subiifc Stellain b regiorie superioris partis Maculae gratidiiisculae, & aliquateiiiis 
rotundae, quae est ad laevain umbilici, hoc est infra inediuiD orientalis inarginis parte fere duode- 
cima totius ambitus Lunaris. 

Fiiit autein tunc lacida V jam elevata ad Ortum 3350. sen 18. grad. 31. min. uiide.i)ri>ditnr 

liora 9. inin. 47. Puit & margo superior d alius 4940, sen 26, fjr- 17- min. ac proiude Stella occnl- 

tuta 25. grad. 57. uiin. proximo, luide proditur bora 9, min. 50^. Fuit denique altitmlo Ciipilis 

Audromedae 9400. sen 43. grad. 14. min. uude proditur bora 9. tiiiu. 50. ercdiderim lioram 9. miu. 49, 

11 75 Ap. 3 
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82 RESEARCHES ON THE MOTION OF THE MOON. 

The results from tlie three altitudes of stfirs are : — 

From i? Arietis: Local mean time, 9'' 47"' 49"; lionr-angle, — 5" 39™ 33". 

From a Andromedse: Local mean time, 9'' 52™ 25'; hom--angle, — 3'' 39"' 2g\ 
From J' Capricorni : Local meantime, 9'' 57" 34"; hom'-angle, — i" 4" 24". 

'Hie most probable mean time, 9'' 50'° 12°. 

Occullations of the Pleiades. 

1637. Mart, (lie 29. Aqiiis SosUis. — Tam quia d Jiim evadebat Stellae proiiiuqiia adinotlum 
divertere alio uou placuit. Itaque jassus est Agarratua asslduii soctari altitudiiiem iiisitis Aldeba- 
raeduiQ ipse Telescopio ad occultationem attendo. Cieterum 

Occnltatio Stellae aaguli occidui in a Pleiadum contigit, ciira altitudo Aldebarae foret 20. 
grad. ss min. ac proiiide bora 8. min. 44. 

Occultatio Stellaeanguli Borei iu □ PIdadam (loutigitcftiuAldebaraealtitado foret 14. grad. 
50. min. ac proinde lior. 9. min. 19. eonsequeuter autem fait altitudo d siiperiore margiiio 10. grad. 
50, min. & lucidao Pleiadum 11. grad. o. min. atqne adeo bom . min. . 

Occnltatio Stellae angnliAustriui in n Pleiadum coutigit, ciim Aldebarae altiliido foret 13. 
grad. 10. min, ac proinde lior. 9. mio. 26. & Steilae in estremo cornu Boreo S 29. grad. 30. min. sen 
bora . mill. . Fuit & eonaequentcr altitudo d 9, grad. 25. min. 

Oecultatio StoIIae angiili ortive in □ seu liicidae Pleiadum contigit cum altitudo extremi corun 
Borei H foret 26. grad. 35- mtu. ac proinde hor. 9. min. 45. fuit cousequeuter altitudo Aldebarae 10. 
grad. 10. min. uode hora . miii. , & cousequeuter d C. grad. 50. min. 

The altitudes give : — 

Luroersion of Electra; Alt. of Aldebarau: Local mean time, 8'' 48"" 58". 

Immersion of Maja ; Alt. of Aldebaran: Local mean time, 9'' 22'" 47". 

Inmiersion of Maja ; Alt. of 7 Tauri; Local mean time, 9'' 23" 18". 

Immersion of Merope; Alt of Aldebaran; Local mean time, g*" 32" 3^ 

Immei-sion of Merope ; Alt. of ;? Tauri: Local mean time, 9'' 33™ IO^ 

Immersion of ?/ Tauri ; Alt. of >5 Tauvi: Local mean time, 9'' 49'" 4r^ 

Immei-sion of v '^I'fi'tiri ; Alt. of Aldebaran : Local mean time, q*" 48" 57^ 

1638. Jauuario. JDie 24. — Vesperi, appulaus, & occultatio Pleiadnm a, a Inctaudum quidem 
fuit cum vento, sests ol> nimiam vioientiam quoqaoversaai insiuuaute, itemque citm eo frigore, quo 
iiiteusius memiuit uemo; sed iion Hcuifc spectacuhim Oimittere inobaervatum. Paucis itaqne d 
trausiit proximfe angnlura oecidnum a Pleiadum sue angnlo Boreo, cum distantia quauta appaniit 
inter sii perioroiii ejus limbum & nigre8cent«m Phaseolnm, rcu parte diametri Lnnaris quasi ^. 
idque alto proximii Polluce ad ortum 45. grad. o. min. hoc est liora 7. min. 23. 

d texit ansnlum Austrinum £, Pleiadum parte obscura, diametrique suae quasi J, A Boreo sui 
angnlo, uompe e regioue globuli illius majoria, quem Oarfcbiisiam dicere aoleo, ant tantillum inferius; 
idqne PoUnce alto 46. grad, 30. min. hoc est bora 7. min. 31. 

d texit Ineidam Pleiadum, seu augnlnm a ortiuum parte diametri quasi ^. il Boreasui cuspide, 
sdlicet in medio superioris maris. Erat autem tunc Lucida in ore SI alta 32. grad. 15. mtn, {Pollux 
qnippe incomaiode deinceps observabilis, divergoreque cogebat ventus) hoc est bora 7. min. 52. 

We have from the altitudes : — 

Immersion of Merope; alt. of Pollux: Locul mean time, 7'' 39'" 34°. 
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kESEARCHES ON TtJE MOTION 01' THE MOON. Ht, 

The ccrtaiii idGiitilicatioii of the other star offers difficulty : — 

If tlie star be ck Leonis, we have local mean time about 9'' 30™ (too late). 
If the star bo w Leonis, we have local mean time about 8'' 4" 27^ 
If the star be A Leonis, we have local mean time about S^ 22"' 29'. 
If tliG star be e Leonis, we have local mean time about 8'' 3 5" i o". 

OccuUaiion of fx Geminorum observed at Dif/ne. 

1638, Decembri. Die 21. — Oeteraui cum d jam prorsfts exueret saperstito millam obtenebra- 
tiotiem ill situ paenfe heie descriiito, ita promota intereil fiiit versus earn Stcllam, quaeest in extrenio 
pede Castoris, antecetlitve aliam in pedo procedentis II, ut 111am media snbierit, terraeque eripiierifc, 
quae mox ante ipsi eripuerat Solem ; scilicet ipaam occuluit paulo iiifnl, maculam parvam qnaoi initio 
ill parte g orientali descripsimiis, ac tanto quidem iiitervallo, quantum macula longa est; ade6 iit 
loeus fuerit quasi medins inter primam defcctionein, & rccuperationcm lucis. 

Fait autein tunc humerus dexter Oriouis ad Occiileiitem adbuc altus 285. seu 15. grad. 54, min. 
atquo idcirco exstitifc bora 16. min. 37. 

The altitude gives : — 

Local mean time, 16" 36'" 34"* ; Greenwich mean time, 16'' ii'"37", 

Ilcl'i}>sc of the Sun observed at Aiv, 1639, June i. 

1639. Mense Jtiiiio, Die i. A meridie, Eciipsis O . Fuerat Ooelum vespero toto Diei 30. obscn- 
rnm; k meridio ver6 diei 31. etiam pluvium. 

Hoc man6 varium existit, h meridie potins aerenum. lu ipso meridie famulus atteodens ad 
altitudinera, deprehendit illam quadrante ligneo pedum prope trium, quo nsurus erara, 68, grad. 38. 
min. undo quia © fuit in 16. grad. 36. min. n cum decJlQatione Boreas 22. grad. 7. min. coUigitur 
altitude Toll 43. grad. 36. min. major aequo tribus, ve! 4. minntis. Apparata interea est seena in 
supremo Solarlo, unde Eclipais observaretur, inducti"ique in earn macbina, qualem Diuiae quoque 
babneram circa Eclipsiu aniii 1633. heinc par fuit obaervandi modus, sed non aequa felicitas propter 
usurpatum Teleecopium majus, quod speciem Soiis in cireulo tremulam nimis exhibuit, propterque 
ipsam maebinam, quae non satis aequabilis secundum omnoin motiouem fuit. Efteotum nompe 
exinde est, ut tametsi Corberauua dirigeret maohioam, ipse circulum temperarom, adjutareiitque 
etiam viri in civitate principes, (alias prefects importuni} in adnotandis partibus tum ipsiua diametri, 
quit umbrae Lunaris masimus tumor pertlngebat, tum circumferentiae, qua beinc inde arcus con- 
apicuus eiusdem umbrae iatersecabat ; uibilominus species Sjlis extremorum mobilitate oculos aaepfe 
doluseritet partibus bujusmodi non satis con stanter design atis, d lam etrorum proportio ancupari 
potissimiim expetieram, prodita fuerit inconatanter, 

Non distinxerain porro diametrum in duodeuos digitoa, digitorilmqas miunta: sed in parteis 
100. & duplatione in 200. ut ex radio supposito 100. vel ampliatione looooo. calculus esaet brevier 
ad retexendum eam proportionem ctim & rediictio in digitos futura easet perfacilis. Jam & famulus 
extra scenam attendit continoo ad altitudinem O decresceiitera, ipse interea coutinub attendi ad 
oppositum Soli circulum (ioterposui etiam pleniinque candidisaimam papyrum) ab bora paene tenia 
no. Hi foret praeecupatio, initium invisum praeterlaberetur. Tantum veroabfuit ut teinpus praeoc- 
cupatum fuerit quin retardatiua long6 fuit, quam omues sive Tabulae, sive Epbemerides indicareut. 
Praetereo autem per id tempus nnllam extitiaae maculam in 0. Cum primum porro circulus temerari 
sursum ad dextram est visus, requiaivi ex famulo Soils altitudiuem. Eeapondib ipse momento post 
eam esse 28. grad. 30. min. unde indicata est hora 4. min. 44 J^. quia vero inter dignoscendum nuin 
essetvel quaedam marginisiuaequalitas, vel umbra d subieua (adde& inter respondendum) tantum 
temporis est elapsum, ut tantillus interea defectns occuparo potuerit gi^. diametri; idcirco visum 
est initium posse exquisite reforii ad bor. 4. min. 44. en nunc seiiem observation is, cum deduclis 
per calculum. 
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Ilactenus teiiaiora solum iinbila feceraut negotiam; ex hoc vero tempore suborta, ac seusim 
iiacendeiis ab occaan orassissiina uubes ita Soleui subiit, texitf|ne, ut factas exiude faerit incou- 
spicims. 

Sequitnr BulliaUli observatio, quae est peracta Parisiis, oppoaifco Soli ciroulo, enjiis diameter 
caset paeE^ bes pedis Parisiensis. Bt diametrum diviserat qnidem in parteis 24. circulum in parteis 
i8o. at quod solus Phaseis uotarefc, altitudines caperet, & singula operaretur, non potuit simul ad 
diametrorum inclinationes attendcre. Quod saperest observatioiiem eeruim ad miiintum habendam 
perscripait, & hac forma ad me transmisit. 
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86 KESEAKCHES ON THE MOTION OF THE MOON. 

Eclipse 0/1652, April 7, observed at Digne. 

ifiS2. — Wense Apiili, die 8. auto ineridiein eclipsis © Diiiiiie iiovendeoim ante aauid die qiiociue 
Aprtlis 8. observilrain aliam suo saperiaa loco deseriptam. Kiidera sum proinde nsas machiua, 
eadem observaudi ratione; nisi qaod & sceuam collocandae macliinae, & locam prosimum captiindis 
Solis altitadinibiis in ipsismat Praepositurae aedibua apparaveram. Quod providissem porro fore, 
at finis eclipaeos sab meridiem contingeret, ae proiude tempus ex pamm variatia Solis altitudi- 
nibus eatis exquisite diseoroi non posset; idciroo appariiram Sciotericiim, quod quas posset euppetias 
ipsis altitudiaibns ferret. Quod vererer autem, ne ingraveseente, quae ab aliquot diebus me habo- 
bat febricnia, adesse observando non possemj ideo oommonstrflrain non inodo Tasili, Torimtori, 
fldoque Amannensi Antonio Poteriae, sed insuper etiam jareni praeclaro Francisco Bernerio, queru 
totis duobus mensibus, cum mo iorisisset, jiira detinebam, quid uoicaiqus praestaudum foret, uC 
meae vices snpplereutur. Fait mlbi tamea propitima Dumea, nt pj^sein noa maJo iotereaae, sed 
regere qaoque intra tympanum, cireuUim eclipseos typum exhibentem, utpote excipieritem trajectos 
teleseopio untl cum tumorfl umbrae luuaris Solis radios, as adnotaro simul formam, quautita- 
temque ipsius defectas; adjutabat vero adnotauto praeter Tornatorem eximius Joannes Franciscus 
Augertus Regius cognitor, & rerum bonarum apprlrae studiosus, qui uni cam Optimo Lantoretio 
fieri particeps spectaculi voluit. Moderabatut interea Bernerius maehinam niaiinbrio, Taxilis extra 
sceuam qnadratum, Poteria ad quidvia famulabatur. H"e lougum autsm faeiam, rein totam pro 
more sic uno proapectu ab oculos pono. 

Cum tempora beic babeantur ex Solis altitudinibua deducta, taceri non debet Sciotoricum 
exbibuisse initium duobas prope minutis ante, flnem duobus, aut tribus post. Et quod ad initiiini 
quidom attinet, altitudini magis fldo ; quod ad flnem autem spectat, magis baeereo ; ac potissimum, 
quia memiui, tametsl perpeudiculum visum est coustantius Laerere ad pattern umbrae versae 741. 
excurrisse tamen interdum versas 7+0. & ad Sciotericum cum respexi, nmbra atyli satis praecise ad 
mcridianam lineam qnadrabat ; quod excessisse enim pilum videbatur, id spectare potuit ad tempus, 
quo ad quadratam me attentum praebui. Utcnmque fuerit ex deducta serie, contigit eclipseos. 
Initium hor. 9. min. 43. medium hor. 10. min, 51. finis hor. 11. min. 58. 
Sicquo fait tota duratio hor. 2. min, 15. dimidium hor. i. min. 7;^. 
Fiiere antem maximae obscurationis digit. 9. min. 24. 
I>iametrornm i>roportio satis inconstans; veruntamen, ne eam, quae Labetur circa initium, ac 
linem moror, videtur omnibus expensia, & ob Phaseia aliquot, qnaa commemiui diligentius notatas 
posac rem ita definiri, ut si diameter O supponatur fnisae min. 30. sec. 4. diameter d fuerit min, 30. 
sec. 55. sin amplius, aut minus pari proportione. Lubet porro apponere schema, jiixta quod propor- 
tionem deduxi. 

Oura subinde obaervationeai, ealculumque eclipseos communicassem cum optimo Valesio, 
rescribens ipse die 27. Gratiiinopoli perscripsit treis obaervationes duaa Parisiis seorsim peraotas, 
alteram a nostro Bullialdo, alteram a meo quondam Agarrato, ac Morino; tertiam Avenione a 
nobili, communique uoatro Sau-Lt^gerio. Pariaiensis sic fuenint 

Bullialdo. A-^anato & Moriiio. Uti'iqiie, 

Initium hor. 9. min. 12. sec. 47, bor. 9, min. 30. 

Medium hor. lo, min. 25. sec 19. bor. 10. min. 45. Digici ecliptici 10. min. zo. 

Fiuis hor. 11. min. 42. sec. 14. hor. 12, min. 12. 

riniliiim hor. 9. min. 33. Dc qiiautitate eclipseos 

Avenioiieiisis autem sic I Medium bor. 10. miu, 50. ■ niliil perscripsit. 

' Finis lior. u. min. 53. 
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RESEARCHES ON THE MOTION OF THE MOON, 
Eclipse of 1(552, April 7, observed by Gassendus at Digue. 
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RESEARCHES ON THE MOTION OF THE MOON. 
Obsei-valio ddiquii Solans die n. Augusti idt^/^.Aijuis-Sexiiis facta ab Huiiorato Galkno 
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OBSERVATIONS OF nBVELILIg. 

The observations of Hevelius are found in the Machina Coelestis, pai's postei-iov. 
Owing to the raritj of this work, tlie observations I have used are given pretty fully. 
The position of Hevelius's observatory, from data kindly communicated by Dr. Kay- 
8ER, was 

Latitude, 54° 21' 19"; logpsin (p'z^g.goygS' 

Longitude, i'' 14™ ,36' east of Grconwicli ; log p cos fp'= 9.76644. 

EcKpsis Solis, 1639. June i. 

Tlie times are from a sun-dial ("ex Sciateiico"), which must have been wholly 
unreliable- - I therefore make no use of the observations.* 

Page 7. — Observatio Bclipseos Palilicii. Aauo 1644, die 15, Novcnib. iDauii institnta Gedaiii 

Iiiitium Oecultatioiiis Palilicii aceidebab secundum horologium corrcctum (altittuliiies eriim 
turn teporia observaodi dou dabatur occasio) hora 3. matut, 5'. Oiscnltababur h LuiiJi circa 96. grad. 
lind)i, ueiiipe orieiitalia, ad Moutem Alabastrinnm Maris Eoi; quo tempore gradns Lunaj 75. liinbi. 
verticalis esistebat. Emergebat lior. 4. 5'. 30". circa gradnm 317. liiiibioccideutalis, Moiitemq; Alau- 
iinm, paaliditin supra Paludem Maeotidem ; quo temporis articnlo gtadus limbi Lnna) 78. erat verti- 
calis. Hora 4. 10' 30" post emereioneni, Palilicium taiito spatio & limbo removebatiir, qnanto scilicet 
lata erat Palus Maeotis, parte uitnirhm duodecimo circiter Oiaraetri Lanaris. 

As the altitudes from which these times are derived a,re not given, wo have to 
add the uncei-tainty of the elements of reduction used by Hevelius to that of his 



" This lemark was made at Ihe time of Erst exi 
of (he original work, I concluded fo reduce lliem, i 
and the results are given in a subsequent section. 



Afterward, lia 



I possession of a copy 



(periment than with the hope of reacliing any result of value 
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observations; I have therefore hesitated whether to use the observation, but concluded 
to do 90 owing to its early epoch. The equation of time was — 14™ 51', we have, 
therefore, for the mean times: — 



Apparent times given by TTkvelius 
Mean times thence deduced . . 
Greenwich mean times .... 



Immfira 


mi. 


EniBiei 


[|n. 


5' 5" 


o- 


,6" 5" 


30" 


4' 50" 


9" 


15' 50" 


39" 


3" 35" 


33" 


14' 36" 


3'- 



Bdipsis Solis. Anno Aerae Christimiae 1645, die 21. Augiisti st. n. Gedani observata. 
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I. 6. 0, 

I. 8. 30. 

I. 15. 30- 

I. 23. 45. 
I. 31, 30, 
I. 47. 30. 
I. 49- o- 
1- 53- 0. 

1. 56. 0. 

2. 30. 0. 
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41, 55. 0. 
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38. 24, 0, 


I. 6. 8, 

I. 15- 36. 

I. 24. 25. 

1. 55. 50. 

2. 2fj. 40. 
2. 30, 0. 



The sun's declination at noon being -|- 1 1 '^ 59''Oi '^^ hour-angles given in the last 
column seem very nearly coiTect. The general agreomont of the sun-dial with the 
times deduced from the altitudes affords a strong presumjDtlon in favor of the accuracy 
of both. 

The following are the corrections to reduce the sun-dial to mean time, as deduced 
from the nine individual altitudes:- — ■ 

+ 1- 50^ 5™ i8"a) 

3"' 30' 2'° 5' 

3"' i2« 2'" 48^ 

13 75 Ap, 2 
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In the case of the sixth altitude, there is a discrepancy of two minutes between 
the times given by Hkvelius and that deducible from the altitude, which would seem 
to arise from an error in printing the altitude. This is therefore rejected. 

The mean of the eight remaining results is + 2™ 52% which is the constant applied 
hereafter to reduce the dial to mean time. The equation of time being 2'" 31', the 
apparent error of the dial is 21'. 

Judging from the discordances, the probable errors of the observed times do not 
exceed 15^ or 20^ 

Page 8. — Oecultatio Piililicii Anno 1645, die 8, Octob. st. n. Luna existente gibba. Gedtini 
animadversa. Qiium Luna Palilicii appropiuquaret ad distantiain 15', aute soiliuet uoiyuiictionem, 
Jovis altitndo Qnadraute ex Orichalco coufecto, a€curat6 depreheusa est iu plaga Orieut, 360 25' 
.'. I^27'"■ 

Priucipiani obscurati Palilicii iucidebat in altitiuliiiG Jovis, 38° 48' _ \ i", 43'". 

Emergente ruraiis Palilieo ex umbrS- Lunas, altitude humeri tu«!idi Oriouis, in plasii Orient 
iaveriebatur, 38° 45' _ ■_ a'', ^■j-^. 

The position of Jupiter for the time of immersion has been derived from Bou- 
vaed's tables, with the result: — 

Geocentric right ascension 6^ 24™ 34^* 

Geocentric declination +23° 4'.o. 

Hence, from the second altitude, we have, for the local mean time of the immersion, 

^5^ 33™ 6^ The equation of time is —12™ 25", so that there is a difference of more 

than two minutes between this reduction and that of Hevelius. The discrepancy is 

the same in the time derived from the first altitude, so that the difference can arise 

only from the difference of the adopted positions of Jupiter, or other data of reduction. 

The altitude of a Orionis gives for local-mean time 14'' 43" 20^, about a minute 

earlier than that of Hevklius. The results of the recomputation of times are : — 

Greenwich mean time of immersion . . . 1645, Oct. 7, 12^ 18" 3o\ 

Greenwich mean time of emersion . . . 1645, Oct. 7, i^^ 28'" 44.". 
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Obsertmtio Edipseos Solaris, Gedani', Anno aerae Christiaime 1653, die 8 Aprilis st. n. p^racta. 



Cairi Solaris. 



I 3i-fert. 
3i.&paul6 



3308. 

35-53. 
3574. 

3657- 
3750- 



PHASES-'DECRESCENTES. 



y^-Uig- 


;8r6. 


8i-. 


6352. 


71- 


648S. 


b\. 


6883. 


6i. 


7103. 


43-- 


7402. 


4i. 


7494. 


4|. 


7558. 


i.circ. 


S444. 


\- 


8514. 


%. 


8575- 


Finis. 


8694. 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 



Obsemaiio Eclipseos Solaris, Gcdani, Ani 



e Christianae 1652, die 8 Aprilis si, w./^racf'a— Continued. 
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Animad'oertenda. 

Cum coeliint, ah ipso dilciciilo matutino, unbibus nn'diqtie ita esset obdnutam, nt liorologiiim 
art iiid ale, tain singula iniiiuta seuiinda, quam ileiia tertiii accural^ (lommoiistrans, iieqiie ad atti- 
tudiiies Solaies, iieque ad Sciatericnm dingi iilq; c(>rrig1 posse, ulla spca superes^et; (soifnltuia 
esse diiximus, Jjora stHtim 10, turn majoris evideiitiae gratiS, t«in nt.eo certiiia eoiiataref, quot 
earnm horam adimplereut iiitegram, perpeiidii-u!i annotare vibratioueH. AnimadvcrNiim aiitem siu 
fuit, tam ex Sciaterico iioetro singula minuta iiidieaiite, atqne ad lineam raendiai»am fideliter appli- 
cato, quam ex altitudiuibus Solaribus, 2595 oscillationes eonlicere horaru integram, & 43^ minutiipa 
primum; tot plane scilicet, quot ante bieutiium, ciica Edipsiu Solareui,iii si mill temporis iotervallo 
ejusdem perpeiidieuli ope deprehendimiis. 

Iiislante igitur initio Eclipseos, praeter fer6 omnem spem, Sol adspectu suo nos esbilaravifc 
adinodiim; sic ut bora 11 seciuidtim Horologium aDibnIatoriiim, & Sciatei ieum , & Vilirationes per- 
pendiculi, exqnisilfe siinid coiijugere octat(J;couterre faeuitas daretur, tjole interim turn temporia 
prorsils exiateute pnro, & il Lun^ illaeao. Post initiuni verb quod accuratissiine anuotatuni, Sol 
iternm sub nubilius aliquantidviin delituit; quainqnain postmodum per intervalla saUn temporis 
nobis consessuhi fneiit mult as diversissiniasq; (attestanteobservationis inconismo} & qaidem bene 
ficio limitations Teleseopii, in earner^ obscuvat^, per ilachinam, in Selenograpliia nostift p. 98 
deseriptam, rit^ & fldeliter annotare. 

Quod autem in ipso Eclipseos principio altitudiues Solarea iion fnerint k nobis capta, causa 
Loc est : quod in tali Kolis circa meridiem situ, paniin iis admodiim sit iidenduni. Qiiocirca alti- 
tudines circa exordium rejecinius, usqnedum Sol ^meridiano moveretur longius; atque turn demum 
aliquot f'nerunt notatae, ad majorem scilicet observationis fidem. Quae omnes, ut curu sciaterico & 
perpendiculi recipi'ocatiouibos qniin optima conveninnt; sic simul cum sciaterico & oscillationibus 
indicant, in quanttim horologium noatm mecbanicuin, tam circa initium, quam finem, ^ vero al)er- 
raverit tempore; oh quam tamen deviationem l.orologium istud non est plan6 contemuendum 
Inde namqne verum atque exactuni tempua, aeque nt ex sciaferieo & altitudinihus, escessu tanluni, 
vel defeetu probe atteuto, elicitur: iuio denegatis interdum, ob coelti subnubilum, altitudinihus, & 
iuterrnptfl/ adulteratSq; Solis in sciaterico umbrS, ejusmodi automata in observationihus coelestibus 
suninioper^ sunt necessaria. 

Caeterum nolui oraninb circa phases delinendas, (ut ut plerumque istud lieri solet) non tautum 
integros eligere digitos. semidigitosque; aed quaseunq: deaignavi, quae se se commode offerebant^ 
& quas tutb, & esqnisitfe acquirere me posse ])raevidebam, spretis reliquis omnibus. Quippe oli 
leve etiam impedimentum, & ol) motum Solis velocissimum, haec vel ilia phasis, licet maxime eam 
attendamus, facilfe nonnunquam praeterlabitur. 

Adbaec phases ipsaa, in adjeeta figur^ I. aliter plan6, quam in Observatione Anno 1649 habitS,, 
nimirum cnm ipais iuclinatioiubus, uti in Tabelia cameraque obscurata aunt ohservatae, onuie^ 
tamen sub uuo eodemque perpendiculo, depinximos. 

Proinde constat, Solem circa initium in 77 gradu h puncto Kadir, Africam verstis, hora atiilicet 
II. 3'. 21" fuisse obscuratum; atque circa 25 circifcer gradum k puncto Zetiitb, Aquilonein verstis, 
hora videlicet 1. 19'. o" desiisse obscurari. Medium vero, sive maxima obsi-uratio hojus deliqnii, 
incidit circa phasin nostram 16, hora scilicet 12.10' 35", id quod pariter ex diversissimua faciebus in- 
ter se collatis satis cert^ patet. Veraitaqne ejus magnitudo 9^ digitorum, sive 9 digit. & 23' hie 
Dantisci exstitit. Eatio autem semidiametrorum Solis & Lunae inveuta fuit hao vice, ut 1000 ad 
1033 circit. 

Qnomodo praeterei in Behpaeos progrcssu phasinm eornua se se praebuerint coiispicienda, & 
quern limbi gradum in omni positu tetigerint, ipsum Schema deliqnii euique baud curreute oenlo 
id perlustraturo, sufficienter ost-endet. Quo verb adhuc claritis banc Eclipsiu ponerem ob oculos, 
operae dusi precium, praecipnas etiam phases, tam crescentes, quJim decrescentes, cum earnm incli- 
natiouibus, ex majore Scbemate deduotas, & ad integros digitos proportiouatas, in forma represeu- 
tare minori ; id quod uemiui forsitam accidet ingratum. 

No altitudes having been observed until the eclipse was entirely over, there is 
some Kttle doubt respecting the coiTection to the pendulum and the sun- 
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dial. Recomputing some of the altitudes, I tmd hour-angles averaging 25- greater 
than those of Hbybmds. The corrections to the dial derived from the first altitudes 
are decidedly positive, while the later ones do not indicate any correction. The gen- 
eral result agrees with the observations of 1645 in indicating a positive correction to 
the apparent time of the sun-dial, a correction which we may estimate at-t-25"± 10". 
The equation of time being -Hi" 37', the entire coiTeotion to reduce to local mean 
time will be -f 2" 2". This correction is to be appKed to the mean of the results, "ex 
vibrationibus perpendiouli", and " secundum sciatericum". 



e of 1654, August 12th. 

The times do not seem entirely rehable unless they are founded on more data 
than are given. The clock seems to have been corrected by a single altitude of the 
sun. The following are all the results it seems worth while to use. The second column 
is headed "Horolog. artiiioiale ex altit. perpM. coiTectum"; the third, "Vibrationes 
perpendlculi": — 
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The times in the second column are deduced from the "vibrationes perpendicuH" 
in the last by assuming 39 vib. = i min., and correcting the count by the altitude. But 
in the last there is an error either of one minute or of forty vibrations: it is hard to tell 
which. I deduce the apparent time, 9'' 46" 55^ from tlie altitude, 13" less than that of 
Hrvelius. 
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e ^s.—Ohservatio IJcUpseos Solaris. Gedani. Anno 1656, die 26 Januar. hahita. 
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Tern pus ex 

Azimulhis de 

ductum. 


Tempus 
secundu horo- 

logium 
ambulatorium. 


Initium. 

iV- dig. 

■H. 

li ferfe. 
li ferii. 

2 J. 

Paul6plus 
3. dig. 

3i. 
3i 
4- ■ 

4^. 

Ji.&pau-t 
16 ampl.f 

5- 

5f. 

5i. 

6. 
6J. 
6f. 
6f. 
7. frerfe, 

T.&pau-i 
16 minus. 1 

6S, 






16. 57- 15. 

15. 27. 15. 


16. 56. 


h. m. 5. 


h, m. s. 
I. 9. 0, 


h. m. .,. i 
I. 9. 10. 














J 


827. 
1096. 

1232. 

ugs. 

I63g. 
1745. 
1811. 
■ 1860. 
1961. 
2029. 

2213, 
2302. 
2400. 
247a. 

25S9- 
S59S. 
2676. 
2766. 
2814. 
2S20. 
2898. 
3004. 
3325- 
3469. 
3598. 
37II. 
3913- 
4055- 
4077. 
457B. 
4734. 
5136. 


I, 51. 2. 

I. 57. 22. 

1. 59. 50. 

2. 2. 33. 

2. II. 40. 

2. 16. 3. 
2. 17. 17. 
2. 19, 51. 
2. 21. 35. 
2. 23. 49- 
2. 26. 16. 

2. 28. 31. 

2, 3r. I. 
2, 33. 0. 

2. 35- 49. 
2. 36 0. 
2. 3B. 2. 
2. 40. 20. 
2. 41. 33- 

2. 43- 40. 
2. 4&- 22. 
2. 54. 33. 

2. 58. 7- 

3. 4. 21- 

3- 9- 29. 
3- 13. 6. 
3- 13. 3". 
3- 16. 23. 
3. 20, 21. 
3- 30. 35- 


II. 4&. 0, 
II. 33. 0. 

lo. 37. 30. 
10. 13. 0. 

9. 48. 0. 

Q. 36. 0. 

9- 7- 30- 
3. 52. 30. 

7- 47- 30- 
6. 42. 0. 

5. 59- 0. 

5- 33- 0. 


31. 34- 
32- 17. 

33. 33. 

35. 0. 

36. 7. 

36. 28. 

37- '2. 

37. 36. 

3S. 24. 

38. 54. 
39- 31. 
41- 18. 
42. 6. 
42. 39- 

43- 23. 

44- 30- 

46. 0. 
46. 4g, 


2. 14. 42. 

2. 19. 43. 

2. 26. 21. 
2. 31. 7- 

2. 32. 50. 

3. 35- 54- 

2. 41. 15. 

2. 43. 32. 
2. 4fi. 14. 
2. 54. 19.' 

2. 57. 53- 
3- 0. 25. 

3. 4. &■ 

3- g. 5- 

3. 13- I- 

3- 16. 6, 
3. 20. 16. 


2. 19. 45. 

2- 32. 42. 

2. 35. 53. 
2. 37- 47- 

2. 43. 37. 
2. 46. 24. 
2. 54. 32. 

2. 58. II. 

3. o. 45- 
3. 4. fi. 
3. 9- 16. 
3. 13. I. 

3- if>- 17- 


1- 55- 3S- 

1. 57. 32- 

2. 2. 49. 
2. 7. 45- 
2. 11. 2g, 
2. 14. 18. 
2. 15. 54- 
2. 16. 56. 
2. 19. 46. 

2. 23. 32. 

2. 23. 34. 
2- 31- 5- 
2. 32. 53. 

2. 35- 59- 
2. 36. 3. 

2. 38. 5. 
2. 40. 24. 

2. 4t. 49. 
2. 43. 50. 

2. 46. 35- 
2. 54. 58. 

2. 53. 33- 
3- I. 53. 
3- 4. 41- 

3. 9- SI. 
3. 13. 40- 

3. 16. 46. 
3. 20. 43. 
3- 3t. 0. 



Hevelius states that his pendulum made 2360 vibrations in an horn-. The equa- 
tion of time is +13'" 20', and this has been taken as the correction applicable to the 
times in the tliird column. But, as scarcely more than half the eclipse was c 
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there is no way of eliminating the systematic errors of ohservation. The observations 
are therefore of no gi'eat value. 

Page 49 —OccuUatio Stellulae in, Ariete. 

Anno 1656, die, 3 , i Martii vespt^ri, diias Sfcellulas, w'd fjlolm liactenus noridntn adaf^ript.iia i'l 
Luna plusqu^m Liuitit^ teutas observavi ; prior a supra eductiouein csHidiio Arietis sira est, ad 17' 
vel iS' Boream vfrsua ; s in longitudine vero ad n' promotior est, qn^.iii dicta Stella cogiiita. 
Tegebatur antem h Lana, alto Palilicio 38° 13' 30". 

The mean time deducible from this altitude is 8'' 34"' 45' 

G-reenwich time ?'' 20'" gl 

Page 89. — Obnervatio Occultationis Binarum Stellularum in S 1658 Oct. 14. vesperl 
Stella uua fiiit seqnens duavum Australior iu Collo 8 , cujus longitiido 1° i8' n. Latitude B. 
0° 46'. Stella altera uou liabetur in Oatalogo aut globis: Erafc antem pauloOrientaliov priore & 
Borealior, quam rnrsns aeqnebantur duae aliae Stellae, tanto iiitervalii), at omnes sirnul Tubo 
capereutur. 



Horolog. majus. 


All. Ca- 
pella. 


Temp. 


'iexAlti- 
ud. 




g. 23, 46. 


34- 45- 


9- 


25. 43- 




9- 37- 1". 


36. =5. 


9- 


39- 4- 


Hinc propter inlerueniences nubes & plurias Luiia& InE;ressu5 Stellae 
sub Lunam videri iion potuit. 


II. 5- 15- 


49- 2S, 


j, 


16. 28. 


Stella incognita paul<"> minus distabat .1 Luna diametro Lunar! : & 
pauli> plus quil duae Stellulae eandem sequenles ft, se invict. 


... ». . 




■ 


9A. ig. 


Ingressa videbatiir Stella discum Lunaiem supra Montij Alabastr. 

Stella incognita non amplius conspicua, videbatur subiissc discum 
Lunarem. 



The following are the mean times actually resulting from the three altitudes of 
Capella, together with the corrections to the apparent times of Hevelius, and the 
computed clock-corrections ; — 



Mea 


1 Times. 


Diff. from 


Clock-cor- 


Hevelius. 


rection. 


/i 


,„ J 


m s 


m s 


9 


II 34 


~ 14 14 


- 12 12 


9 


24 50 


~ 14 lA 


- 12 20 


" 


r 39 


- 14 58 


- 13 36 



The equation of time is actually 14'° 3'. The first two altitudes agree well enough 
with this. But, in the case of the last, there is clearly an en-or of about ten minutes 
in printing the clock-time: it may be assumed that the minutes should be 15 instead 
of 5. But there is still a discrepancy of more than a minute between the correction 
from this and from the first two altitudes. A change of 5' in the altitude will reduce the 
difference from Hevelius to 14™ 23", and the clock-correction to 13" i". The mean 
of this, and of that computed from the altitude as given, is 13™ 18", which I shall accept 
as the most probable result of. the altitude. The first two altitudes give a result i" less. 
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Notwithstanding tlie lapse of two lioiirs, I consider tliem entitled to some little weight 
in the result, and shall, therefore, adopt the clock- correction 13'" 5', which gives for 
the time of occultation 1 1*" 6" 55^ 

The probable error of clock-correction may be estimated at 30", and tliat ot 
the observed clock-time at l5^ We then have, for the Greenwich mean time of the 
occultation, 

9" 52'" i9'±35'- 

To this probable eiTor of time is to be added the imcei-tainty whether the actual 
occultation was really seen, as it must have taken place at the bright limb. 

}\\g(i 2ij.—OceuUatio Cliime Boreal infronte Scorpli, t66o, 27 Apr. maiic. 



I. 3^- 57- 


Alt. Bpica 


j6. 43. 0. Temp, ex altitu. i. 38. 


IS 


I. 49- 35- 


" Arcturi 


47. 58. 0. I. 54- 


3 


I. 50. 10. 


'■ " 


47. 52- °- '■ 54- 


56 


2. 34. 3°- 


Esitna Stella 


Optiine coiispexiiMUW. 2. 39. 





3- 3°- 3°- 


Alt. A ret. 


34. 42- 0. 5- 3S- 


34 


3- 35. JS- 




33- 46. 0. 3- 42- 


7 


3- 38. 35- 




33: ^9- °- 3- 44- 


6 



The clock- corrections resulting from these altittuhss are: — 

(2) +3'" 3'^ 

(3) + 3'" 48^ 

(4) + 3'" 50' 
(5) + 4" 36' 

The resulting mean cloclt- correction is +4'" 7", and the probable error of both 
clocks and observations about S\ The Greenwich mean time of the occultation is 
therefore 13'' 24"" i^ ± 12'. 

Piige 235.— Oecw((tt(io Spicae Virglnis, 1660. die Jovis, 17 Jmi. yesji. 
Iloroloff. Altitnclinea. Tempua ex altitnd. 



. Obtegebatur Spica, "JZ a Luiiii 
j circa parte sc. obscuram, 



9 


in. 
51- 


10. 


Arctdri . . 51- 38-* 0. 


9- 53- 


10. 


9 


56- 


IS- 


Spicae . . 18, 2. 0. 


9- 59- 


39. 








Marg. 1 Sup. 18. 8. 0. 


10. 3. 


IS- 





33, 


35- 


Arcturi . . 47. 5. 0. 


JO. 36. 


10. 





37- 




Marg. d. snp. 14. 0. 0. 


10. 39. 


3°- 





54- 


0. 




.0. sfi- 


0. 


I. 


32- 


20. 


Aicfuri . . 39. 45' °- 


= 1- 33- 


33 



. 30, AOliuc postLiiiiamlatebat Spica. 
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Animadverteiida. 



Poatmodum iiiibes Ijuniim coelumcine tegebaut, iit iiiliil ampliuwdeexitii Spicaedeprehendeio 
potiierimuB. 

The following are the results of the altitudes of stars: — 



Clock Times. 


Computed 


Diff. from 


Clock-cor- 




Hevelius. 


rection. 


/( l/l ! 


h m s 




Ill i 


g 51 10 


9 53 21 


+ ir 


-h 2 II 


9 5S 15 


9 59 57 


+■ 28 


+ 3 42 


10 33 35 


10 36 rg 


+ 9 


+ 2 44 


II 32 20 


" 33 41 


+ 8 


+ I 21 j 



The mean of the four clock- corrections is +2'" 30" i 12'. But the small cor- 
rection resulting from the last altitude gives rise to at least a suspicion of a large clock- 
rate. The rate deduced from the observations by least squares is — o^88 per minute, 
and the correction at the time of occultg,tion will become + 2*" 7". But the existence 
of so large a rate seems quite improbable. I shall therefore adopt -\-2'° 25^ i 13' as 
the most probable correction at the moment of occultation. This will give for the 
local mean time 10'' 56"° 25', and 

9" 41™ 49'' i 20" 
as the probable Greenwich time of the occultation. 
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J'jige 301. — Uclipsis Solans, Aiiiio 1661, die 30, Martii. 



Phasium Obset- 


" 




















' 








H 


orologium 


Horologium 


Aliiii 


dines 




Tern 


pus 


Animadventenda. 


vata. 


Air 


bula 




■ P 


tpen 


iculi 




So 






corvc 


turn 


Amb, Clock Corr. M, T, 




9 


[ 


21 


9 


, 


21 


28 


■ 23 


3 




-r 7'"- 15'- 




9 


2 


35 


9 


3 


36 


28 


- 33 


0. 




4 




7 43 




•} 


45 


29 

35 


9 
9 


45 


'3 


29 
33 


. 29 


1^' 




47 




dub. 7 4<) 
+ 7 2 


Initium, 


10 


12 


3 




II 


41 








I 


■ 13 




IniKum drci iij" i puncto ZeniLh con- 


i.Dig. 


to 


>3 


25 


10 


13 


5 










I 


- 14 




tigit. 




'i 


■3 
'5 


53 


10 


'5 
16 


33 
24 

52 










' 


■ 15 
. i6 






I d.&amplius. 


ro 


j8 


31 


10 


iS 


15 










( 


- 19 






If.fe,^. 
■J. 

55- 


lo 


23 
34 
43 

51 


15 
17 
24 

53 


j° 


'9 
23 
34 
43 
SI 
52 


5S 

5 
43 










I 


. 24 

- 35 

■ 53 




i 


6 d. & amp. 
6S. 


10 


54 
55 


3S 
3C 


10 


54 
S5 


3r 










' 


- 55 
■ 5'' 




transiens. vel obscurata i>ais Solis, 


6g, 


10 


57 


26 
56 


10 


57 


23 










' 


- 5K 




hora 10. ss' continebat ia Llinbo 


7.pai3l6 plus. 


II 


5 


6 


1 " 


S 













1 


6 




Ratio Diimelri© ad Diamet. c.obsfr- 


7i.circi. 




6 


19 




C 


15 












- 7 






7^. 


ir 






u 














I 


■ 13 




semla. © ei meis observalis is' 54" 


7it- 




14 


15 






14 


















li. 


II 


33 


44 


11 


33 


41 










I 


. 34 




Miix. ..bsi'c, ,1, ;o- 


e-l-.fctir. 


11 


46 


54 


11 


56 


50 


















4l.f^<i. 


II 


57 


47 


II 


57 


" 45 


















4*. 
2t 


I 


59 


36 

25 
32 


11 


9 


3' 
19 

28 


















ai.fer . 


12 


TI 





12 























2i. 
2i- 


12 


12 


'5 


12 


13 


15 


















2.paiil6plus. 


12 


!3 


45 


13 


13 


45 


















iJ.ferS. 






15 




15 




















li. 


12 


16 




12 




;o 


















ji. 


12 


I, 





12 


17 





















J^.fe,6. 


12 


18 


20 


12 


18 


,j 


















U- 


12 


19 
19 


57 


12 


19 
19 


19 


















i. 


12 


23 


9 
34 


:i 


23 


9 
8 
34 
































39. 2 


. 40. 


I 


. 26 






Eiiiis. 


;: 


51 

57 
58 


39 

55 

49 
35 




2f) 


40 


33. 3 
38. I 
33. ■ 


■ 3S- 

. 25. 
, 30. 


] 


. 27 
. 5T 

. 58 
■ 59 




. Finis ciica Si" 5 puncto Zeaitb. occidii, 
+ 2' 2" + 6 l8 

I 57 6 39 
I 52 6 42 
I 47 6 54. 
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Aniniad'certenda. 



Inataiite liiio Eclipai Solis, oiuaem ad hibuimus openitii, ut ciim loiigc ex optatissimo nostra 
liospite Du Ismaeli BiiUialdp, omnia ilia, qnae ad eclipsiu observandam spectare arbitrabar, essent 
in promta; imprimus, duas cameras obscaratas adornavi, alteram pro Majoribus, alteram pro 
Minoribus, qui in magna aderant frequentia, et quidem e^ ratione, quft Tidebantur eommodiores. 
Muito mane die 30 Martii, oriente Sole, qnamquam Coeliim nudiqiie erat serenum, sub lioram taraeii 
octiivam nabibus satis obscuris obduci eoepit, adeo ut Solem Qoadrante, nee Majori, nee Minori 
nostro aeneo rimari potiierimus. Hora verb 9, aet pabnliim attenuabatur, ut satis accuratfe a!ti- 
tudines Solares eaperentur : quo tempore Horologinm tarn perpeudiculare, qnam usitatnm ambu- 
iatorium, una cum Sciaterico iu mioutis distribnto, praecisfe admodum conveniebat. 

Hora 9. 30', Cameram iiigressi sumus ocnlos defixos oraniuo in Tabula observatoria, praesenti- 
biis praeeipuia JS'ostrae Urbis Luminibus, tenentes, ne nobis initium, quod iuetare jndicabam, cia- 
beretur. Huic nostro proposito Coelum turn claiaetiam facie annuit, sicut ipsam Lunaesub Soleai 
ingressnm, punctumque attactus dilncide adinoduni conspiceretur, in 117O ^ puncto vertical!, 
occasum versils; & quidem primiira flPraeclarissimo Builialdominimeotiosura sp, praebente specta- 
torem. 

• # • » gemidiametium Luuae notabiliter minorem esse, in hoc deliqnio, qu^m qaideni 
t/alculus promiserat ; quae in peculiari charts, ex tribus in peripheric Lunae, h tribus diversis obser- 
vationibus, simul notatis punctis, multoties explorata est. 

* * • pbasiu tamen istam masimam accurate obtiuuimus: 7^ digit, nempe baud fuisse 
majorem. • » *. 

Hora 12 26' 17" alto Sole 39*^ 21' 40". Quadrante Azimuthali nostro, iu altera satis lougfe 
dissita specnbl nostrS constituto, alius Observator, bariim reruin alias bene gnarns, finem Eclipsis 
in pinnacidio Quadrantis, per nudum foramen deprehendit. 

Quod etsi cum nostro, ope Telescopii, in Camera 'obscurata, annotate fine, in upsis secuiidis 
non conveniat (uec sane adeo occuratfe ista ratione unquam fieri potest.) tamen lubens etiam banc 
Observatioiiem apponere volui; quo videaain ista miufis accural a obaervatioiie, non nisi 46" aberra- 
turn esse: quod profectb noUIus est momenti, * * * *. 

Rejecting tlie altitudes within lialf an hour of noon, the eight others give the fol- 
lowing clock-corrections : — 




Taking the means, wc have : — 

At 9^25, com Hor. ani"b. + 7'" if; corr. Hor. p. +" 7™ 38'. 
At I2^93, corr. Hor. amb. + 6'" 38'; corr. Hor. p. + 6"' 38*. (f) 
These corrections being interpolated to the times of observation, the mean result 
from the two clocks is taken as the local mean time. 
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i'age 330, — Occultatio Saturni, 1661. 3 Avgiisti Veitp. st. n. 

There is only a single column of times, wliich is beatied "Tempixs ex horolog; 
aestimat simul correctum". I am therefore in doubt how the observations weve 
made. The following extracts are all that can be of any use : — 

Teiupus ex &c: — 

7. 58. o. ^ Limb. D striugobat. 

7. 58. 20. Veram iuitium occult, Subivitdimidio oojiore qnantiim coitjiccro licnit. 
7- 59- 5°- Tertia pars adhuc yideri pohiif, 

8. 0.25, Satarnus totus occnltat. 

8. 6. 30. Alt. H limb. sap. 160 22' circ. 
9- 3- 35- luitinm emersiouis. 

9. 4. o. Jam juajor ijarticula de b appariiit. 

9, 4. 10. Eiiiis occultationis. Modiu ^ corp. visu. 
g. 4.35. Nondu totus cOapecf. 
9. 4. 45. Finis totalis emersiouis, 

9. 50. 53. Altit. Arctari 37. 31. o. 

9. 54. 36, " Scbeat Pegasi 38. 53. o. 

9- 57- 44- " " " 39- 20. o. 

n. 1.36. " Scbedir. Casslop S3- ^3- o- 

II. 7. 7. " Capella 17. 56. o, 

II. 8.46. ,8. 4. o. 

If. II. 3°- 18.17. °- 

Besides having to take the times entirely on credit, these observations are subject 
to other sources of doiibt. That Saturn should have a.ppeared half-covered, "quantum 
coujicere licuit", twenty seconds after it touched the moon, wliile one third was still 
visible a minute and a half longer, is something difficult to accept, even makino- all 
allowance for uncertainty of observation, and leads to a suspicion of an error of a 
minute in the second time. 

Page 419. — Occultatio irivm Stellularum «» Capita Taiiri 1663, 14 Mar. lesperi. Stellula 
inferior A (juartae raagnitodiiiis, cujus longitude est i^ 54' n & Lat. 5° 33' Anst, * * St. B. 
Austral, sequentium. 

TempuB sec. Iioi-. amb. 
II. M. S, 

8. 53. 30. loitium occultationis, * A. 

S. 55. o. AUitudo Arotiiri 27O. 3', 

9- 42' o- " " 34. 12- 

9, 44. o. Priucipiiim occnitatiouia, ^ Tj. 
9. 47. o. Initium occultatioiiia, * C. 

9. 52. 30, AUitudo Arcturi 35°- 42'- 

The ciock-correctioTis given by the three altitudes ai'e : — 

(0 +45" 45' 

(2) +48- 5^ 

(3) +48" io\ 

The clock-corrections I shall adopt are, for the iirst occultation, + 45"" 55=; and, 
for the two others, + 48™ 7^ The Greenwich mean times of the occultations will 
then be ; — 

Star A (71 Tauri) 8^ 24'" 49'zin4o' 

Star B (Oi or 9^ Tauri) 9" 17'" si'dn^s" 

Star C C^a or 01 Tauri) 9" 20"- 31^^25^ 
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■1663, Aug. 18. Occultation of a star during lunar 
Horol. ninb. ° ' 

51. 28. Alt. Arcturi ... 27 
53- 53- " " • • • 27. 39, 

II. ^6. Stella jam oceultata. 

42. 43. Alt.LiicidaeCoronae. 37. 3 



ecUjjse. 

Temp, t- 



I. 30, 



S Limbi saperioris. 
Stella rursLis prodiit 



37- 



- 54. 



14. 37. Alt. Lyriie, 



iS. 4 58- "■ 

19-40 57- 45' 

8. 4'' 5°- 39' 



25' 



The results of tlio altitttdes of stars are:- 



50- 



Mean Times, 


Diff. from 

Hevelius. 


Clock -cor- 


h m 




m s 


,„ J 


8 5S 


40 


+ 2 48 


+ 4 12 


S 57 


SO 


+ 2 47 


+ 3 57 


g 46 


30 


+ 2 55 


+ 3 47 


. 9 43 


40 


+ 3 55 


f+3 32 


It 17 


54 


-1- 2 43 


+ 3 17 


n 21 


3 


+ 2 I 


( + .2 5q) 


II 24 


12 


+ 2 55 


+ 4 32 


12 13 


a 


+ 3 5 


+ 4 22 


. 13 14 


37 


+ 2 58 





The ecLiiation of time was +3™ 15', so that the appai'ent times of Hevelius seem 
iibout 20' too small. 

The sixth correction may be rejected on account of the discrepancy between tlie 
altitude and the time computed by Hevelius. The mean of all the other clock-cor- 
rections is +4'" 1^ and there does not seem to be any sensible clock- rate. 
Applying this correction, we have : — 

Grreenwich mean time of immersion of (? Aquarii . 8'' 1"' \^ ^^ 12^ 
Greenwich mean time of emersion of e^ AquarJi , 8'' 50™ 5 5^ ± is'' 

Piige 435. — OccvXiatia PaliKc-H, 1664, ^ic D vesp. 31 MartU, quarta dleposl 6 . 

Temp. sec. lior, amb. 
M. S. 

[4. II. laifciam occult, Paliliuii a 1). 



17. 30. AUifcudo I'rocyoniM 
19. 35. " " 

4. 20. I'iois occult. 

7, 50, Altitiulo Procyoiiis 

9. 57. 



' Quad. p. Or. 
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TJie clock-con-ectioiis vesulting' from tlio four altitudes are: — 



(0 + 


o" 


20" 


(2) + 


9'" 


58> 


(3) + 


1 1" 


SO' 


(4) + 


I™ 


43". 



I adopt tlie <jlock-c(>iTCctioiis + lo'" 9" fo 
The results are: — 

G-reenwieii mean time of immersion 
Grreenwich mean time of emersion 

Piige 474. — Eelipsis Solaris 1666, 2 Julii mant: 



lersio]!, and +11'" 46" for emersion. 



8'' 9"' 44» -t 18" 
9" 1"' 30' i: iS". 



7j.paul& plu 
7l. 



Temp. 

HoralOg. 

Ami 

M. 



59 


30 


2 


23 


4 


30 


6 


50 


16 


59 


19 


5" 


23 


33 


25 


43 


29 


53 


33 


50 


3S 


55 


40 
41 


5 
45 


44 
46 


30 
6 


4S 





SO 


25 


S3 


15 


55 


37 



50 


5 

30 




8 


s 


30 


17 
19 


30 


: s 


19 

30 


30 


30 


14 


; K 


32 


'4 


36 
43 


25 
'9 


: I 


3S 
45 


25 


46 


12 


8 


4S 


12 


47 


32 


■ s 


49 


32 


50 


57 


1 8 


52 


57 


54 


35 




a 


5& 


15 


5a 


24 




9 





24 


59 

3 
6 


35 
3S 

53 




9 
9 
9 

9 


3 

5 


35 

38 

53 



9- 30- 36- 9. 33. 
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The " notanda" which follow contain nothing worthy o£ remark. 
The con-ections to reduce the clock to mean time, as given by the individual alti- 
tudes, are as follows : — 



21 23 6 


+ 


53 


it 24 l6 




58 


21 28 29 




36 


21 30 36 




56 



The mean correction derived from the first group is +5" 43^ and from the last 
+ 5'" 51". The uncertainty of the corrections is as great as their difference; we there- 
fore adopt the constant correction -I-5'" 47' to reduce the clock to mean time. 

Page 550. — 1671, Marcli 14. OccnUation oft wo stars. 



6. 40. Alt. Palilicii, 40. 36. o. Quad p. Or. 

Alt. mer. PoUuds, .... 64. 23. 40. Quad Az. iM. 

Alt. Palilieii, 33. 40- o. 

33- 



o. Stellula iucognita supra inediam cimilam T a E corniculala tecta. 
o. Media caudit T H Luua tficta. 

Alt. Palilieii, 27. 29. o. 

o. Iriitium emeraioois Mediae candae T. 

.0. Alt, Humeri dextri Oiiouis, . 22. 29, a. 



ire the results for clock-corrections :— 



Clock T 


.e. 


Mean Times 
from Allitudes 


Clock-cor- 
reclion. 




C 




/l m 


J 


& m s 


m J 




n 


, 


7 16 


40 


7 27 47 


+ 11 7 


+ 


11 





8 10 


15 


S 21 5B 
g 23 iS 


■1- 11 3 


-i- 

+ 


ir 


53 
55 


S 54 





969 


H- 12 y 


+ 




37 


9 57 


40 


10 12 14 


+ 14 34 


+ 


3 


41 


10 


" 


10 34 17 


+ 14 17 


+ 


3 


43 



The clock-corrections are quite uncertain, owing to uncertainty whether the differ- 
ence of three minutes between tlie clock-correction given by Aldeharan and that 
given by a Orionis is the result of clock-rate, or of systematic error in the observations 
of one of the stars. If we suppose a rate of one minute per hour, the mean coiTection 
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will be as in the last column. I slidl adopt tliis correction as ou the whole tlio most 
probable. The results, are : — 



Greenwich mean time of immersion of star 
Greenwich mean time of immersion of star 
Greenwich mean time of emersion of star . 



8'' 40" 49^ ± 4o\ 



I have not succeeded in identifying these stars. The descriptions would seem to 
refer to 6 and 5 Arietis, hut neither of them were near tlie computed position of the 
moon's limb at this time. 



Occultatio 8pica Virginis, 1671. 22 Apriiis. 
















H. M. 8. 
Horol. Ami). 9. 52. 45. 


AUitiulo PollHcis . . . ■ 


35- 


27 


0. 


Temp. 


It 
Corr. g 


M. 


S, 


9. 55. 20. 
i°- 45- 33- 
11- rS' S- 


Itiitiiim Occultatio 11 is. - . . 
Alt. D limb, iufer 


35- 




0. 




9 


5^- 
47- 


32- 
56- 


ir. 54- 0. 
ri. 55. 0. 


Spiea necdum coiispeutn. 
Atlbuc debitescebat. 
















"■ 55- 3°- 
12. 0. 39. 


Spica emersit. Finis occult. 
Alt. Eog 


26. 


18 


^ 




".: 


57' 


14. 














12 


4- 
39- 




r- 36. 55- 

12. 39. 23. 


Alt. Lyrac 


49- 


39- 


0. 


45- 



Hrvelius gives altitude of Eegulus 36. 18. o. at the moment of immersion; also, 
"Emersionsis StelUie acenratissime deprehensum est". The mean times computed from 
the altitudes compare with those of Hevelius as follows: — 




The moan result is that at 11'' 26™ the clock-correction was + i"' I2^ I shall 
admit a rate of ~ 24 seconds per hour. The results will then 'be ; — 

Greenwich mean time of immersion 9'' 32"" 25' i 15^ 

Greenwich mean time of emersion 10'' 41"" 54^ -|- 15^ 

Page 564.— Occulta tion of Saturn, 1671. June 1. mane. The times are so discordant that 
tho observations seem worthless. Hers, however, are tho observations:— 

Horolog. ambnlat. tonip. corr. 

2. 49. 50, Altitude Lyrac 71,0 8.' 2. 50, 31. 

^- 52- o. " " 70- 5° 2. 53- 44- 

14 — -.75 Ap. 2 
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1. 53. 32. Altitiido Lyrae .... diil>. 70,0 32, 

3. 38. 15. ^ Tegi incipiebat 

3. 38. 39. ^ omniiio tectos ; alb. P limb. inf. 16,0 57/ 



5. 26. 58 " " ..... 
5.31.29 " " . . . . 

Page 615. — Occtiltaiio Flejadm 



. . . . 13. 42. 
1672. Novera. 6. matic. 



Horolog. anib, 12. 51. o. PlejailuiB praecedeiis omniiim a Num. tecta a D. 

I. 2, 45. In ciiapide oeeid. ft Num. i il H tecta ad StagQum Miris 

supra Paladem Maraeotidem. 
I, 21. 31. Plejadum Lueidam proximo praeccdens d tecta ad Moutem. 



The altitudes of Procyou give :— 



Acabe & Paludem Arabiae . 
o. Altitudo Procyonis, 34.° 59.' 



Mean Times, 


Uiff. from 

Hevelius. 


Cloek-cor- 


/; m s 


Ill 1 


m s 


14 7 27 


- 16 4a 


- H 33 


14 10 5 


- 16 53 


- 14 21 



The differences from Hevelius exceed the eqiiatioa of time by 48'' and 58^ re- 
spectively. The clock-correction at 14^ 23"' is— 14" 27^^ I7^ The interval of one 
hour and more between this time and that of the occultations considerably increases 
the uncertainty. The resulting Greenwich times are : — 

Immersion of Coeleno 11'' 21" 57^^30^ 

Immei-sion of Taygeta .......... 11'' 33™ 42''±28^ 

Immersion of Maia ri'' 52"' 28"=h25'. 



Page 628. — Oaaultatio Pleindiim. 1673. Mai'tii. 
Horolog. amb. 7. 21. 30. Altitudo Palilicii . 



Die 5 , vesp. 



. 35-° 5°-' Temp. coir. 7.24.57. 

, Praecedeus Num. 1. b. In cnspide Oceicleiitali 

PlejadamALuna. . . tegebatur .'.... 7-58. o, 

. Plejadum iiua, sed Globoliaud adscripta, tecta 

fult 8. I. o. 

. Altitudo Palilicii . . 29. 39 8. 10, 8. 

. Alia PL N. 4. ex illis arctioribus duabus prae- 
cedeus . . . rursias tecta 8. 12. o, 

. Ex his posterior Num. 5. tecta I'uit fere eo 

ipso B loco 8. 17. o. 

. Altitudo Procyouls . . 3''°55-' 9. o. 52, 
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Comparison of Hevetjus's times witli the mean times computed from tlie alti- 
tudes : — 



1 Me 


n Times. 


Diff. from 
Hevelius. 


Clock -cor- 


i // 


m s 


m s 


m s 


1 ' 


33 25 


+ 7 2S 


+ 10 55 




17 35 


+ 7 27 


+ ro 35 


i ^ 


7 SS 


+ 7 (' 


+ 10 4S 



The mean clock-correction is-j- lo™ 46*, and there is no evidence of any sensible 
rate. Adopting this correction, the results are : — 

Greenwich mean time of immersion of Taygeta 6*" 51™ lo'i 25^ 

Greenwich mean time of immersion of m H. . . . 6'' 54" 10*^25^ 

Greenwich mean time of immersion of Asterope . . 7'' 5™ 10^-1-25^ 

Greenwich mean time of immersion of I PL , . , 7^' lo™ Io^±25^ 

Piige 658. — OcctiUatio Fleia^tim 1674 Aiignsti 24. mane Die 9 . 

ilorolog. amb. 13. 57. 30. Altitude Aqnilae 26. 51. dab. . teinp. cor. 12. 59. 54. 

13. 59/3°- " " 26.31. . . ■ I. 2. 27. 

1. 37. o. St. inf. pra«eeden9 occultatii i. 40. o. 

2. 4. 30. Praecedens omnium N. 1 Luuiim siiliiu- 

gressa 2. 7, 20. 

3. 21. 30. Inferiorum seq. H". 5. Laiiaui snbiit ... 2. 34. 30. 
2. 28. o. Praecetlena omnuim riiraus ia coDSpectum 

prodiit 2. 31. o. 

sic. 2. 39, 30. Lucidam praeeedens N. 4, circa limbum 

snperiorein J) (ubipraecod. om.) teetaest 2, 39. 30. 

2. 47. o. Iiiferiorera pra«cedens sesB riirsns sistebat. 3. 50. o, 

2. 57. o. Lncida PI. sese siibduxit 3. o. o. 

3. o. o. Lucidam praeeedens exiit 3- 3- o- 

3. 6. 40. Altitude Markab, Pegasi. 39 ° 23.' ... 3. g. 3?. 

3, 12. 20. luferiorem sequeus emersit 3- '■S- 20. 

3. 45. 15. Altitude OapitisAndromedae 54.*^ 13.' . 3. 48, 16, 

4. 3. 55. Lucida Piejadiim N. 6. rursna illnxit . . 4. 6. 55. 

The results of the altitudes are : — 



Me 


nli 




Diif. from 


Clo 


k-cor- 


""■■ 


Heveuus. 


re 


tion. 


A 


m 




« . 






13 


I 


3a 




+ 


4 3 


13 


4 


10 


+ I 43 


4- 


4 40 


15 


II 


10 


+ I 32 


-t- 


4 30 


15 


4g 


52 


+ I 36 


+ 


4 37 



The mean clock-correction is +4™ 29^, which I shall consider constant. The 
mean times thus resulting are given in a subsequent section. 
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The equation of time is -\- i'" 57^, so tliat the mean systemsitic difference from 
Hevelius is about 20'. 

I'jige 684. — Oeeultatioii during lunar eelipse, 1675, 9 , Juiiuiiry 11, er, 
The clock-times are not given, but only those corrected. 

8. o. 50. Btellula b tecta Jilt. M. Eomii; aed oxiro illain iioii deproLcmii. 
8. ,-55. 30. 8tellnla supretna A, Tergo Pullnda c otniiino tecta. 

8. 51. 35. Steliula d ad ipsiim Limbiim iiiferiorein tccta. 

9. 9. 10. Uiiec eiulem Stella e rursiis emcTsit. 

Tlio altitudes from which the clock was corrected, taken before and after tlie 
eclipse, are given as follows:— 
Terapiis sec. Iiorol. 



22 18 AltitudoCaudiie Oj'giii 

25 4 Altitude Caudae 0.vgiii 

58 35 Altitndo Liieklae T 

II 33 Altitutlo Oapfellae . . 

IS 30 " " . . 

iC 59 " " . . 



69 34 



The mean times computed from certain of these altitudes coniparu as follows with 
the apparent times given by Hevelius: — 



Heveuus's 
App. Time. 


Computed 
Mean Time. 


Eq.T 


„.. 


App. Time. 


App. Erior 

of IlEVEfJUS. 


Corr.to He> 
Mean Time. 


U m s 


/i. m 1 


m 


J. 


h m s 




m s 




6 30 20 


+ a 


55 


t 31 35 


+ 53 


+ 3 2 


6 25 4 


& 33 S 


+ 8 


55 


6 24 10 


+ 54 


+ 8 I 


ic 58 35 


11 5 55 


+ S 


59 


10 56 56 


+ I 39 


-1- 7 3.> 


n 11 33 


II iS 57 


+ g 





II 9 57 


+ " 56 


+ 7 34 


II 13.37 


11 26 


-h 9 


" 


11 17 


-V 1 37 


+ 7 23 



The deviation of more than a minute ft-om Hevelius is embarrassing; but I can 
get no other result from his altitudes than that given. I shall therefore take + 7" 42" 
as the corrections to reduce the times given by Hevelius to mean time, from which 
we shall have : — 

Immersion of * ^ 

Immersion of * c (85 Geminor.) 

Immersion of * tf 

Emersion of * c (85 Genunor.) 

Piige 714. — Solar ccMpse of 1675, June 23, A. M, 

Pie seems to have used no clock at all, but to have got all his times irom a sun- 
dial, giving only the minutes. 



Local mea 


time 


Grcenwicli m 


ean ti 


g„ g„ 


32' 


6" 53- 


56- 


8' 4,r 


2' 


f 28" 


26' 


8' 59" 


7' 


f 44" 


31" 


9'' 16'" 


52' 


8„ J. 


i6'. 
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I'ligc 76S. — lldipsiii SoUs. 1676. Die Jovis 11 Jiiiiii ante iiteHit. 

Hei-e it is a little doubtful liow Kbvelius got lu9 times. Ilis first column is on 
the first page headed "Juxta Sciater. & Horolog-. Oscil", and on the second page 
"Tempus juxta Sciateiicum". But all tlie times are given accurately to seconds. 



Juxu Sctaler 

& Horolog. 

Osci!. 


AUiludo Tcmpiiscx 
Solis. alt.corrccliim 


IVIagnit. 

Phasium 

Digit. 










7 

• 

g 
9 
9 
9 

9 
9 
9 

9 


58. 10. 
1. 30. 

3. 3"- 
22. 30- 
24- 10- 
24, 55. 
27. 28. 

2g. to, 
33. 25- 

3&. 35. 
39. 35- 
45. 49- 
54. 22. 
3- 44-' 
3. 30. 
i5, 17. 


3 
3 
3 


. 4'. 


7 

9 
9 
9 
9 
9 

9 
9 
9 


53 

3 

=3 
24 

29 
33 
3l> 
39 

45 

54 

iS 


39- 

25. 

25- 


Imlium. 

■i.fert. 
i. 
4. 

ij.fcr . 

2i. 

3-;-. 
4^ 

4j-.rere, 


10. 22. 42. 

10. 26. 19. 
10. 35. 24. 
10, 3S, 53- 

10. 53- 49- 

10. 58. IT- 

11. a. 50. 

!!. 29. 14. 

11- 35. 25. 

!!. 3S. Sri. 
11. 37- 55. 

u. 38. 35. 

ir. 39. 40. 
4. 18. 10, 
4. 20. 0. 


3 
3 


. 57. 


10. 26 
!0. 35 
10. 38 
10. 47 
W. 53 

10. 58 

n. 5 

n. 29 
u. 35 

11. 3f' 
II- 37 
II. 38 
II- 39 
u. 39 

4. 20 


6. 

33. 

55- 
53- 
35- 
15- 

19 
36 


4-i.el paiiloplus. 
4-5. feri;. 
■4. dig. 22'. 

4i,fer4. 
4.fc,i. 
3S . fcic. 
3f- 

2j. 

1 J, fere. 

i.pauloplus. 
Nondum Sol om. 
Nondum. 
Nondum. 
Finis Eclipscos, 































Observed SemiiUaineters of the Moon. 



10 


13. 53- 


10. 24. 


J4, 0. 


It. 0. 


14. 50. 


Ullimi*. 


35- o- 







Piigfi 774. — Occultatio Marth et qvarundam Flxanim 1676 Sept. 1. mane. 

ilor. aiiib. r. 1. 25. Alt. Caudac Cygiii 57.° 4°-' Temp. oor. i. o. 24. 

1.36.39. Marsi1.Liini1omiiiuo tectua 1.35.43. 

1.45.25. Alf. Caudae Oj-giii S'- i7- ■ ■ - »■ 44- 7- 

2, 47. 54. Mara emicuit ; Finis iiemiie occultatioiiia . . . . 2. 46. 29. 

2, 55. o. Alia Stellula Fixa h sub Marto ogreditiir .... 2. 53. 35. 

3. 19. 50. Altitudo Scbeat Pegaai. ... 45. 3. ... 3. 18. 19. 
3. 43. 45. Fisa e ad Gaapidcni Luaae iDferiorein obaervata est. 3. 42- 20. 

[Corresponds exactly with a MS. at the Paris Obaeivatory.] 

AnimaSvertenda. 

De caetero notandum est, paallo i>08t Martis egressum aliaai insiiper Stellalara Fixam b, 
Globo alj^s nondiim adacriptain, vix ad 3 Miu. prima iufra Martem versiia Anstrum, Hora uimiriim 
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2 53' 35" exiliisse circa PaludesAmiiras; qnam qiiidoin Liinam siibire liaud aiiiiiuulvcrti; eimitotns 
iu eo fuerim, nt Martis momeutum occultatiouis praetisfe determinarem : * * 

Tlie results of tlie altitudes are: — 



Mc;in Tiiiius, 


DilT. from 
Heveljus. 


Clock-.:or- 


k lit s 

12 5Q 26 

13 43 26 
15 17 30 


- 58 

- 41 

- 49 


- I sy 

- I 59 



The mean correction is — 2'" 6^, which may be considered constant. The Green- 
wicli mean times will then be : — 

Immersion of Mars 12'' ig™ 57* zb i 5'^ 

Emersion of Mars i 3^ 31'" 12' ± 15' 

Immersion of h 13'' 38'" iS^i 15' 

Immersion (?) of c h'' 27'" 3'=h 2 5^ 

I liave not succeGded in identifying die two stary. They are probably too small 
to be in the accurate catalogues. 

Page Si4.,— Oocultatio iluarum 8tellulayum in (JIavd Orlimis 1678. Mart. 28 H vcap. 



Hor. amb. 7. 31. 



9. 19. 



Lnna tegit praeeedentem It 
Luna tegit aliam Stellulair 
Alt. Procyonis 33. iS. o. 
'' " 35- 4- o. 



va Orioais. 
jiia incogn.* 



Nam ilia praeeedeus m Clavfl, Oriouis boo tempore aono sc. currente 1678 degit secuudom 
uostrum Oatalogumiu 2+0 21' 10" H &;Lat. 3^^ 11' z+" Arist; sic utoraritib ilia ipsa fuerit, quae prius 
fuit obtecta. At de altera posteriori dabito, au ea ipsa fuerit, illii scilicet in clavS Ononis sequens; 
Latitudo qaidem ejus, quae est 3° 21' 19" Aust. occultationeni iion prohibet omniub, sed nihilomi- 
Dus adeo arotam Synodum cum priori Stellulfl imn coiicedic. * * * * 25O 17 n & Lat. 3° 13' A. 

The clock- corrections resulting from the altitudes are, respectively, + 6™ 43" and 
+ 7" 1^; mean, +6™ 52^ The Greenwich mean times of the occultations will 
then be: — 

First star, B. A. C. 1867 (?) . . . ... . . . 6" 23™ 16^ ± 45' 

Second star, x^ Orionis (t) 8'' 8'" 16' ± 22". 

The two stars are those of the British Association Catalogue nearest the moon's 
limb; but it is doubtful whether they are really the occulted stars. 



yinal MS. at Paris tlie ir 
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From the Anmis Climacterkus of IIevelius, Gedani, MDGLXXV. 
Page 7- — Occultatio Lands Aiistrinae &a. 1679. Mart. 30. Mane. 



Ilorol. amb. 




Disfantiae 

etAUUuduies, 

gr. m. 5. 


Quo inslriu 


... 


.„. 






48. 30 

4S. 40 

55. 
53. 
16, 

56. 40 
5. 15 

34. 
36. 




Ahiludo RcguH . . dub, 
Minoi: Stella occuliabatiir . 
Major Slellalegebaluf . . 
Alt. Arcluri 

Emersio Minoris Stellulae . 
Emersio Majoris Stellulae . 
Alt./ 


23. 27. 0. 

52.° 11.' 
51. 57. 
50. 3. 

40. 46. 
40. 24. 


Quad 




3 
4 


45 

5g 

9 
41 


15 

16 
40 
15 
29 
14 




Stel. diif, in long. 4.' 30." Lat. 3.' furi. Minor majorcm seqiiatur in major 
Lat. Bor, Long. ejus. 1660. 10.° 16.' 0." III., et Lai, 0, 29. 30. B, 





The results of the observed altitudes are : 



Mean Time. 


Diff, fcoro 


Clock-cor- 


Hevei.ius, 


rection. 


A m 




m s^ 




13 55 


^l■. 




+ 6 57: 


15 4 





+ 4 45 


+ g 


15 e 


40 


+ 5 40 


+ S 40 


15 26 


22 


+ 5 6 


+ 10 22 


16 43 


21 


+ 4 52 


+ Q 21 


16 46 


5 


+ 4 St 





Rejecting the doubtful altitude, the clocJc-con-ection at i '^ 49™ was + 9™ 30^ i 1 2^ 
which we shall suppose constant. There may be some susjiicion of a gaining rate to 
the clock, but its effect on the mean of tlte observations would be small. The I'esiilts 
will be : — 

Greenwich mean time of immersion of (i' Libra3 . . 13'' 35'" 54^ ^22* 

Greenwich mean time of immersion of c& Libra; . . 13'' 43'" 34' ± 20^ 

Greenwich mean time of emersion of a:'' Librae . , 14'' 51™ 34^ ± 15* 

Greenwich mean time of emei"aion of a^ Librae . . 15'' o™ <f ^'i&. 
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Page i8.—0ccnltatio U, 1679. Junii 5, mand. ( rose at 15" 35'".) 



Ilor. Amb. 




Distantiae & 
altitudLiies, 




T.:p.„.„.„, 




29 
IS 
16 
16 
14 
14 
14 

37 

30 
■3S 
45 


55 

40 
9 
35 

45 

30 
16 

28 




Alt. Capitis Andromcdae 

AIt.Arcluri 

Jupiter stringebat d linibijm 

ad ceiurum usque occultabaliir . . 

Jupiter tolus omniiio tecfus 

Jupiterdenuseniievotabilipatticulavidcbatur 

Diraidius Jupiter exivcrai 

Toius Jupiter ommtio prodiit 

Altitiidiiio SoIi5 


2-1. 52. . 
31. 3. ■ 

53- 34. 40. 
53- 5g- 45- 
54. M. 0. 
54. 53- 40. 
SS- 27. 20. 




r. 20. 54. 
I. 31. »A. 
4. .S. 5. 

4. la. 34. 

4. 19. 0. 

5. 16. 25. 
5. 16. 45. 

10. 25- =. 
29. 42- 

32. 26. 

47- 46. 



Results of tlie obsei-ved altitudes:- 



Object. 

a Andromeda! 
A returns . 
Sun . , . 


Mean Time. 


Diff. from 
Hevelojs. 


Cloclt-cor- 
rection. 


k m s 
13 'S .50 
13 29 4 
10 22 44 
10 27 9 
ro 30 12 
10 37 54 
10 45 13 


~ 2 4 

- 2 33 

- 2 14 

- 2 32 


+ 4 

+ 4 

- 6 

- 15 



The mean clock-con-ection is —2', 
mean times of the observed phases are: — 

Immei-sion. 

Contact of limbs . . 15'' i™ 2'zb7"- 
Jupiter half covered . 15''! 31*^7^ 
Jupiter entirely hidden 15" i"' 57'±7^ 



/itliout any sensible rate. The Greenwich 



E mors i oil. 

Partly emerged . . 15'' 59" 22" i 7". 

Half emerged . . 15'' 59 42^ i 7". 

Entirely emerged . le"" o™ 7^d=7"- 
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RESEARCHES ON THE MOTION OF THE MOON. 
Page 27. — 1679, Jiiuii 24. vesp. Oooultatio duarum stelhUaruM in t . 



10 


35 


55 


10 


41 


51 


:: 


40 

17 
19 


55 
43 

52 



Initium occultationis ^ majoi 
Estitus ejus Stellae in J . 
Alt. Arctufi 



cedeiite fascia. J! . 



Results of the observed altitudes r — 



'Star. 


IVIean Tunes, 


DifF. from 
Heveluis. 


Clock-cor. 
recti OD. 




4 m 




m J 


CT 


J 


Arcturus 


10 45 


57 


+ 1 35 


+ 6 


2 




10 48 




+ I 33 


+ 6 


14 




12 19 


55 


+ I 35 
+ I 37 


+ 6 
+ 6 


18 


a Coronse 


12 22 


25 


+ 43 


-1- 5 





'■ 


12 24 


'9 


+ 43 


+ 5 





" 


12 27 


54 


+ 44 


+ 5 


^ 



The difFerence of more than a minute between the clock-corrections given by the 
two stars is quite embarrassing, and the more so that Hevelius's calculation makes 
them nearly agree. The equation of time was i 45^, so that the error, whatever it is* 
seems to be in the computations relating to o: Ooronfe. The positions which. I have 
adopted for the stars are ; — 



Ai'oturas, R. A. — 1 4'' I 


■ 4" 


Decl, 


= + 20° S2',5; 


<x Coronse, R. A. =: 15^^ 21' 


7" 


Deol. 


= + 27° 49'-S- 



In the observations of 1663, August 18, the same two stars were observed, and 
there Hevelius's computations agree with mine. At present, the only course seems to 
be to reject the altitudes of a Coronse entirely, and adopt the clock-correction +6"' 10" 
resulting from the altitudes of Arcturus, which, it will be seen, is only about 10* greater 
than that resulting from Hevelius's computations of <x Coronai, when corrected for 
the equation of time. The results are then : — 

Grroenwich mean time of immersion of ya Saglttsirii . 9'' 51 42" 4-6° 
Greenwich mean time of emersion ...... 10'' 32™ 29° ±6'. 

15 — -75 Ap. a 
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—Occitltatio PatilicAi. 1681. Jan. i. 



Hor. amb. 








7- 37- 0- 


Stella occuHat 


est. alt. capit. Andr„m. 


50. 


32. 


7- 37- 


33- 


7. 46. 0. 


Altimao Capit 


s Andromedae . . . 


49- 


24. 


7- -16- 


11. 


7. 4g. 30. 




.... 


48. 


55- 


7- 49- 


■8. 


S. 46. 0, 


PalilicLum rur 


tisaffulsit .... 






8- 44- 


0. 


8. 51. 0. 


Alt. Cap. And 


om.extltit . . . . 


40. 


22. 


8. 49. 


8. 



Results of the altitudes:- 



Mean Tinies- 


Diir. from 

IlRVEIJUS. 


Cloclt-cor- 
rection. 


// m s 
7 42 37 
7 51 14 

7 54 53 

8 55 55 


+ 5 4 
+ 5 3 
+ 5 45 
+ 6 47 


+ 5 37 
+ 5 14 
+ 6 23 
+ 4 55 



Here again there seems to have been an eiTor in Hevelius's computations of 
apparent time. But there is little doubt of the mean clock-correction -[-5"' 17° ±8^; 
applying which, we have: — 

Greenwich mean time of immersion 6'' 27*" 41' i 20' 

Greenwich mean time of emersion 7'' 36'" 41" i I7^ 

Page 139. — OccuUatio PaliHcii. 1683. Jan, 9. vt^ij). 



IIoi. amli. 










8. 54, 30 


Alt. Pollucis 


48, 


43. 


Quad. p. or. 


9- 





».| 


8 


ss 


if; 





48, 


53- 




<)■ 


I 






q 


42 


15 


Initium occuUatioiiis 








9- 


4B 


15 




g 


50 


40 


Alt. Regiili 


24. 


12. 




9- 


S<> 


35 




<) 


54 


15 




24. 


40. 




9- 


59 


51 






55 
3 
9 
13 
19 

23 


30 

58 


Finis occultationis Pal 

Dist. Pal.abocc. C limb. 7. rev. , 

Alt, Rcgiili 


36. 
36. 

36- 


16. 
40, 


5. 19- 
7. 3(.. 
g, 7. . 


... 


9 
15 
19 

25 
26 


3U 
58 

32 
46 
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From the altitudes we have : — 



Star. 


Mea 


nTi 


„„. 


Diff. from 
Heveuus, 


Clock-cov- 
reclion. 




h 


m 


J 


»; J 


vt. 


r^ 


Pollux 


>) 


a 


14 


+ 3 9 


+ 13 


44 




t 


3 


49 


+ 7 27 


+ 13 


34 


Reg 111 us 


10 


4 


4g 


+ 8 i^ 


+ ,i4 

+ 13 


49 




ti 


ri.-i 


47 


+ S IS 


+ 14 


35 




II 


34 


36 


+ 8 i6 


+ 13 


34 




" 


37 


3 


+ S 47 


+ 13 


43 



The mean clock-correction is +13™ 53'i 6', which seems to have been constant. 
We then have : — 



Greenwich mean time of immersion 
Greenwie)\ mean time of emersion 



8" 41"' 32' ±8^ 
9"" 54"47'±8'' 



ult 


diiarum. * sub 


Bornn 


l*MS(, 


3. 16 


8,5. iipr. 2. 


vesp. 


Hor. amb. 




Temptis cor- 


y. 53- 0- 


Initiun 


occ:ul, Stella 


Maj. 


ft.. 5. JTjag. . 


9. 54- 30. 




2q 


36. 


Stella 


B. 6, 


mag. . . 


10, 30. 36. 


10 


13 


50. Flms 


ccult, St. A. 






10- 53. 50. 


" 


43 
45 
46 


30. Alt. L5 
3o. j " 
so- 


'H 


3'. 

31. 
31- 


25/ 

44. 
55- 




II. 44. 16. 
. 46. 47. 
. 47- 42- 


" 


47 


so. 1 " 




32. 


6. 




. 49. 27. 



The altitudes of a Lyrse give :- 







Diff. from 


Clock-cor- 






HEVELms. 


rection. 




III s 


m s 


m s 




43 17 


+ 4 1 


+ 4 47 




50 40 


+ 3 53 


+ 5 10 




52 I 


+ 4 ig 


■^ 5 3' 




53 22 


+ 3 55 


+ 5 52 



The mean correction Is +5" 20" ±14", which corresponds to tlie clock-time 
1 1' 46". We have no data for clock-rate ; but for several years it has appeared too 
small to be indicated by such observations as HnvELins could make. Applying this 
correction to the occultations, the Greenwich mean times are : — 

Immersion of iigTauri 8" 43"" 44" i 24* 

Immersion of 120 Tauri g' 20" 20' ±20" 

Emersion of 119 Tauri 9" 43" 34" ± ' 8". 
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§IO. 



OBSEBVATIOIiTS OP ECLIPSES ASD OCOULTATIONS MADE BY ASTEONOMEKS OF 
THE FEENOH SCHOOL BETWEEN 1670 AND 1750, AS FOUND IN THE MANU- 
SCRIPT KEOOKDS OF THE PARIS AND THE PULKOWA OBSBEVATOIJIES. 

We now pass to a class of observations much more satisfactory than those with 
which we have been dealing-. In the latter part of the seventeenth century, Picard 
and other French astronomers introduced the improved method of determining the time 
by equal altitudes of the sun, of which I have already spoken* Their clocks were so 
far improved that their principal changes of rate were those due to changes of tempei*- 
ature. I inchide in the present section all the observations for which the time was 
determined on this plan, including those of Delisle in St. Peteraburg. They are 
for the most part unpublished. The results of a few have indeed appeared in the old 
Memoirs of the French Academy, and in the Philosophical Transactions, but these are 
not by any means the most valuable ones for our present purpose. Besides, they 
were reduced with the imperfect data of the time, and need a more careful reduction 
before the best results can be obtained from them. As an example of the danger of 
trusting to the old reductions, it may be remai-ked that occultations were often observed 
by Cassini with a different clock from that used for observing the meridian observa- 
tions of the sun. But in communicating the result of one of these observations to the 
Academy, he failed to correct it for the difference of clocks, so that it appeai-s printed 
in the Memoira more than a minute in error. 

Four occultations of the Pleiades, observed by Delisle at St. Petersburg, were 
reduced by Linssee, of the Pulkowa Observatory, and published in the Memoirs of 
the St. Petei-sburg Academj^f But observations of occultations were made by Delisle 
during a large part of his. stay at St. Petersburg, which are to be included in any com- 
plete discussion of the subject 

In Mai-ch, 1871, the late M. Delaunay, then director of the Paris Observatory, 
very kindly placed the whole of its older archives at my disposal, with unrestricted 
permission to extract from them, and use in my investigations, whatever I might find of 
value for the work in hand. Two years later a similar pei-mission to complete my 
copies in certain points was gi-anted by M. Le Vereier. As a result of this permis- 
sion, I am enabled to present the observations discussed in the present section. 

Of the records to be used, a large portion were evidently never intended to be 
undei-stood or used by any one but the observers. For the most part, the note-books 
contained no titles, no indications of the observer, no verbal statement of the observa- 
tion, and no name or indication of instruments, except in the case of clocks. All 
information on these points had to be gained by comparison and induction. It was 
found that a certain arrangement of figures, which the reader soon learned to recog- 

■ See tmU, pp. 23-24. 

t VUrvrm De I'Ish heobachtstt Flejaden-Bedeckuns^n, bearbeitil und mil Hansen's Moiuifafeln i/ergltchm, von CaRI. 
LlKSSER, St. Petersburg, 1864. 
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nize, showed observations of equal altitudes of the sun before and after noon, and that 
the signs |( and )| indicated the transits of the two limbs of the sun over the meridian 
of some insti-ument Each observer seems to have had his own instruments, which he 
used without any reference to or comparison with the instruments of others * In many 
cases, especially among the earlier observations, no designation of the occulted star by 
which it mig-ht be identified was given. In these cases, it was necessary to compute 
the tabular place of the moon, as affected by parallax, for the time and place of the 
occultation, and then to ascertain from the modern catalogues or star-maps what stars 
were then near contact with the limb of the moon. I believe this operation, though 
laborious, was always successful, except in a few cases of stars too faint to be found 
in catalogues. 

In the following pages, the intention is to present litei'al copies of extracts fi-ora 
the original records It is not, however, always practicable to do this with entire 
rigor. In the case of some observers, especially of Dklisi.e, the observations were 
given at sixch length, and mixed with so many extended remarks, that a condensed 
summary was absolutely necessary. These sunnnaries can always be distinguished 
from verbatim copies by being written in English. In printing the following discus- 
sion of the observations, a sharp distinction is made between two classes of matter, 
.namely, (i) remarks made at the time of examining the original observations, while 
the writer was in entire ignorance of the nature of the results; and (2) the ulterior 
reductions, ^lade when the original records were no longer accessible. The former, 
as well as the literal copies from the records, are distinguished by being printed in 
smaller type, so that the reader can readily distinguish them from the latter. The 
arrangement is made on the following plan : — The observations are divided into four 
sei-ies, each of which are made by one set of observers, or on a common plan, or 
with the same instruments. Perhaps it would be more accurate to say that the differ- 
ent series correspond to different sets of volumes found among the archives of the 
'Paris Observatory; certainly, this is the only real distinction I can now make between 
series I and series IV. Preceding each series is given such general discussion of the 
observations as applies to the whole of it. Each series is divided into groups, each 
group comprehending such observations as could be conveniently discussed together, 
and the reduction and discussion of the observations of each group are given imme- 
diately after the observations which belong to it. In the case of series IV, however, 
all the earlier observations are made and reduced on a plan so nearly uniform that 
it has not been deemed necessary to go into the separate details of reduction of each 
observation. 

It may happen that in some cases tlie relation of the observations to each other, 
and the bearing of the remarks on them, will not be clear. This is owing to several 
disadvantageous circumstances. Some of the ai-chives examined were misaiTanged 
through mistakes of the cataloguer; the copies were made during the reign of the 
Commune and the siege of Paris by the national forces, and were therefore somewhat 

• In this connection, it may not be amiss to call attention to the wide-spread error, found even in French histories of 
astronomy, thatCASSlNl I. was director of the Paris Observatory, In fact, lliis establishment was assigned to the common use of 
the astronomers of the Academy of Sciences, and no such office as that of director was known or recognized. The celebrity of 
Cassiki seems to have given rise to the unfounded impression that he exercised a supervision over the work of the other astronomers. 
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liLinied; in reading proof, no access to the originals could be had. Tliese clrcum 
stances are the only apology I can present for any crudity of an'angemeiit which 
nifty be noticed. 

Examination of Manuscripts at the Paris Observatory, 
i 1. 



Tliere are curious duiilieate copies of the earlier observations at Paris, (i.) Weliavea volume 
entitled ITisfoire Celeste 3e VObservatoire Royal de Paris, vol. i, 1671-1675. But vol. 2, with the 
same title, does uot begin until 1783, and the similarity of the volumes following 2 to volume i 
seems to show that tbey were uot prepared until a eompa.ratively late date. 

(2) There is another volume, entitled Fragmens des Beleves des Eegislres de VObservatoire Royal 
de Paris, in which the observations of 1672, 1673, 1680-1684, 1700-1703, 1760-1767, are copied on 
juiuted forms, with the heading Eistoire Celeste de VObservatoire Royal de Paris, which was prepared 
by Cassini IV. for publication, but never published. 

These two volumes seem to be in the same handwriting, namely that of Cassinc IT. Yet, 
while much of the matter iu the two is common, each contains observations and remarks not given 
iu the other. Eor instance, in the ease of the occnltations of February 3, 1672, (2) says that the 
clock stopped about '5^ hours p. m., and that it stopped very frequently about this period. There 
is no complaintof the clock at all in (i). Yet the observations agree perfectly. But of the alti- 
tudes for time copied from (1) only a very few are found in (2). Moreourious yet is the comparison 
of the accounts of an occultation iu 1672 given iu the two registers, which I copy verbatim. 

From (i), page 32. — " Le 2 Aoust. Vers les 9K du aoir la lune etoit proche d'une etoile flse 
voisine d'Antares qu'elle a eclyps^e an moment de I'immersion (qu'on a oubM do marquer aur le 
registre) la distance ou la diftfer. de deeliu. du bord austral de la lune et de I'etoile etoit de i' 3"." 

From (2), p. 42.— "Aoust le z. Vers les 9''. du soir, la lune s'approchoit d'une etoile voisine 
du eoeur du Scorpion que I'on a jug6 devoit etre eclypsee. Le paraileile de I'etoile parait quelques 
minutes au midi de la tache de Coperuic. 

" 10^. zi', 34". Occultation de I'etoile par la lune (10". 32'. 11". T. vr.)" 

We find also that in (2} the use of the astronomical day is introduced, instead of the old 
divisions " matin ", " soir", and we have the following clock-errors aud transits : — 

Aug. z. 8'' 2a' o" Peud. retard o' 35" 

12 17 s (? versau an merid 34O 12' 55" 

14 44 o Mars " " 32 57 30 

75 13 o Saturn " " ........... 39 37 40 

3. 9 56 o Tend, retard o' 42" 

10 35 o a Aquilae. 

[In (i), lo'' 34' 40" is given for the time oE transit of a Aquilae.] 

But there ia uo indication how these clock-errors were obtained, and no observations in either 
book to fix clock-errors at these times. 

I infer from this, and also from remarks of Cassini, that both volumes are simply excerpts 
from registers which cannot now be found, and that the observations of different persons are mixed 
together. 

The clock-error would Hoera from what follows to be well determined, unless the 
instruments for determining it were erroneous. But the timea of transits wliicli follow 
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do not agree with this error at aU. In fact, we have from tiic transits of (i Aquarii 
and a Aqiiilai : — 

1672, Ang. 2. Aug. 3. 

\ ma ft m 3 

Eight ascension of star . . . 21 14 17 19 34 48 

Mean time of transit . ... 12 24 58 10 41 50 

Apparent times 12 19 27 10 36 24 

Clock-times 12 17 5 10 35 o 

Clock apparently slow 2 22 i 24. 

Either the meridian instrument was defective, and not nsed for clock-error, or 
observations with two clocks are mixed together. As the method of equal altitudes 
was known and practised at this time, I think we may take the clock-correction given 
as probably near the truth, so that we shall have : — 

ft m a 

Apparent timo of an occultation of r Scorpii, 1672, Aug. 2 10 22 11. 

Equation of time 5 31.6 

Paris mean time 10 27 42.6 

Greenwich moan time 10 18 21,6. 

In view of a certain probability that the clock-error was well determined, the 
probable eiTor of this time may be estimated at ± 6"; but the probability of the error 
being four times as large as this is much greater than would result from the applica- 
tion of the usual theory of errors to the supposed probable error. 

Prom (2). — 1680, April 4. 10" 25' 7". Occultation d'tuie etoile par la lune. 

Midj le 2. 11'' 59' 36" ilaligue. 

3- o o 15 

4- II 59 55 
6. o o 16. 

We can only use this as apparent time. The discordant meridian transits of 
the sun which follow do not indicate any readily deterndned correction of the clock 
on apparent time. The equation of time being + 2'" 36^, we have: — 

Paris mean time of occultation of Lalande 12148 . . 10'' 27™ 43^ 

Greenwich . 10'' 18"' 22^ 

The probable error may be zb 12^. The extraordinary coincidence between the 
mean times of this and the last occultation seems to be accidental. 

On 1682, Feb. 15, we find the occultations of tlie Hyades recorded aa follows :— 

6 59 2 ) Occultation des deux etoiles qii'on a observf^es aprts la lune. 

7 I 27 ( 

The times are marked in the column " Temps vray ", which, however, contains elsewhere only 
clock -corrections. Preceding it we have a set of corresponding altitndes of © for clock, evidently 
independent of those of La Hire, hereafter quoted, and giving a clock-correction of — a+'.s, nearly 
half a minute different from the correction of La Hire's clock. Yet the occultation must be that 
observed by La Hike [given hereafter]. 



Hosted by 



Google 



I20 RESEARCHES ON THE MOTION OF,.THE MOON. 

For this date we have + 14" 41^ for the equation of time. This would make 
the mea]i times of the occiiltations, as reduced b j the imknown computer :— 

ft m s 

^1 Tauri 7 13 43 

9^ Tauri 7168 

which are 9* less than those which we shall find to be given by La. Hire's observa- 
tions. This, then, may be regarded as the error of reduction in the present case. 

Observations by Cassini and Maealdi. 

There is a series of registers, in amall quarto, for tte years 1683 onward, without origiDal 
title or paging, coutaiuing rough iiotea of observations.* The only title is Observations du Soldi et 
des Moiles faites en Boulogne et en Paris Pan 1683, et continu^es A Paris la mSme aitnee et la sinvante. 
No mention of the observer, bat there is little doubt that it was J. D, Oassini. 

EXTRACTS. 

1683. OccuUation of y Tauri, Feb. 5. 

Feb. 4. Hauteurs Eigel. 5 8 13 23 o o 

12 47 23 30 o 

17 26 24 o o, 

Feb. 5 (probably a. m.). 

9 16 S3 h. iof. borcl ? 24 2 o o o 57 midy a la m. A. 

22 9 24 30 10 00 58 " a la m. B. 

2635 25 o o 

46 (26 ^"^^ ^°' °" ^^^' S (Pi'otj^'Jl.Y a. m.). ETauteiirs lepy delav. 

\Vi\ 

19 , J ^3 30 o 

23 28^. ( 23 o o 

^^4+ \ 22 ^o o 

3^ 3 I ,, n n 
36 17 t 



7 41 26 Eigel au inorid. piir les h. corros. 

12'' o' 8", ocoultatiou de. I'etoile qui esfc a la [)oint ile I'aiigle du Hyades par la lune. 
1683. Feb. 6. 

019 midy a la m. a. 
o I 10 " " *' h. 

We shall derive the clock-correction from the meridian transit of Rigel, as 



6 iS 29 
23 6J 


23 


1 


7 5 33^ 
9 35i 


22 30 
32 
18 
17 30 


I 


17 2Q 


16 29 


15 


Hauteurs 


liigol. 




5 18 16 


23 59 
2431 





[0 432J 


2431 


5 


9 37 


23 59 






" This is really tlie regular series of the records of the Observatory, and is continued until 1 795 ; but a part of it has been 
copied into another series, wliich I have sometimes used to copy from, and the cataloguer has confused the original with the copy 
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deduced from the equal altitudes, and the rate from transits of the sun over the two 
meridian-marks on February 5 and 6. We have : — 

ft m s 

Mean R. A. of Rigel, 1683. i 4 59 20. i 

Sid. time of mean noon, 1683, Feb. 5, Paris 21 2 52,2 

Mean time of transit of Rigel thence computed ■ ■ ■ ■ 7 55 9-9 

Correction of clock on mean time, + 13 44- 1 

Mean time of transit of sun, Feb. 5, o'' 14'" 42''.3; Feb. 6, o 14 45.8 
Correction of clock (mean of marks) 4- 13 44.8 o 13 ^6.^ 

Correction of clock for occultation of X Tauri . . . . + 13 42.6 

Paris mean time 1213 50.6 

Greenwich mean time 12 4 29.6. 

Eclipse of July 12, 1684, 

Le 12 JuUiet, a 6''. Tlifinii. 79^. Har, 28.0. 

Haut. iln bord sup. du o 

6 24 50 20 40 

27 57 21 10 

31 2 21 40 

9 2 26 46 io(?) 

5 51 46 30 
9 23 39 49 20 
Apre* ruidy on a iiviiiie^ Pliorloge de 16". L'Eclipse. A 2 28 30 Eile etoit comineiiuee, fin 
4 43 12, L'horloge d(i M, de la Hiiib avaiicoit siir lo iiotrB 5' 57". II a observe Li tin a sou horloge 
a 4'' 49' 9". 

But there ia some doubt as to which clouk the writer used. 

'4^ 42' 56" horloge de la tour oeeideiitalc = 4 45 o liorl. do la tour orientiile. l> = 2' 4". 

1684. Le 13 Juillet. Hauteurs du bord sup. dn 

10 9 55 55° 3°' 8" i 49 i3i 

12 33 55 S" 8 I 46 32 

18 loj 56 30 o I 40 59 

21 2 56 50 o I 38 7 

23 57 57 10 12 I 35 12 

26 54i 57 3° 12 I 32 13 

33 2 58 10 o I 26 5 

I make no use of these observations of the eclipse. The beginning appears not 

to have been seen. The coincidence of the time of ending with that derived from the 

observation of La Hire renders it doubtful whether the end was actuallv" observed 

either. The resultj^ of these and other observations are given in the Memoires, tome 

X, p. 667, where Cassim's time of beginning is said to be 2^ 25™ 55^, and of end 

4'' 43" 23^ Either the same clock-error has not been used at beginning and end, or 

the time of beginning is in some way altered. 

1684 le 19 Deceiiibre. Hautt urs du bord sup, da Soleil. 
9 28 10 2 35 32 10 20 o 



9 35 • 



nl © 



34 Midy a la Marqne Q 
3 Midy a la Marque I) contre li 
SiJ Midy par les corresp. 
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A 2'' 40 I'liurloge inieiUiile nvtiinjo 47" siir Fiioc. J'jiy o^tii deux; rumufces a I'horloge oooiilentale et 
j'iiy mis aveu elle I'urieiitale. 

Le 20 De<:embre. 

11 58 50 i Bortl © 9 S9 '^ 20 42« 13 10 o 

12 I 12^ 2 " 10 I 28 I 58 35 i 13 20 o 
10 3 38 1 56 28 13 30 o 



11 59 50 Midy par I'omb. 

12 o 22 a la Miiiquo D. 

I judgu that the following are altitudes of the sun oliserved ou the luoruiug of the 21st, with 

a mistake iii the hour, 2 buiug writteu for 9. ThtTC is a bhink space left for the corresponding 
afternoon altitudes. 

2 33 4 10 50 o 

33 55 II o 10 

35 52 " 1° 30 

29 26 II 30 

A midy nebuleux 43 20 11 50 10 

47 13 12 10 o 

51 15 12 30 10 

Le 21 Decerabre. 
Commencement de l'ecli|)se 9'' 29' 8", 
18 
35' 6" L'Etoiie se cache derriere la luue. 
— 18 [Evidently a suhaequciit insertion.] 
10'' 8' 58" L'Etoiie paroist. [Under this another time is given for the same phenomenon, ajjpa- 
rently 9' 10", but it is erased with the pen, and 8' 58" is substituted.] 





Le 


22 Decembre. 




I Eord 

II " 

Midy a la Marqm 


e n. 


9 14 46 

18 5 doutcuse, 
9 21 31 

^4 57i 

28 30 


9 30 doHtense. 
9 50 

10 30 



32 f, .o 50 o 

ii io''l'hor. oriental avance sur I'occ. 5". 

L(! 23 Ducerabre. 
Noon per single pair of altiludes, 12" o™ 30". 

Le 24 Dt'ocnibre. 

12 o 55 I Tiord du O 9 i4 S^ 3 46 54 9 10 o 

12 3 15^ 2 ■' " " 18 II 2 43 34 9 30 o 

12 o 34 Midy a la Marque Q 21 37 z 40 8 9 50 o 

12 I 16 Midy non pass, a la Marqne D 25 13 2 3(1 32 10 10 o 

28 36 2 33 TI 10 30 o 

32 12 2 29 3C 10 50 

These observations from 1684, Deceinljer 19 to December 24, are given Jiere for 
the purpose of reducing tlie occultation of /* Geminorum, observed during an eclipse 
of the moon, on the evening of December 21. The same occultation was observed 
by La Hieh;, with a much more certain determination of clock-error; but I have 
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thought it wortli while to reduce these observations also, although there has been 
some difficultj in unravelling them, owin^ to the three meridian-marks or instruments 
on which the sun-transit was observed, and the general confusion of the records. The 
mode of proceeding has been as follows: — From the equal altitudes of the sun on 
December 20 and December 24 the index-error of the quadrant was derived. Taking 
this index-error for the altitudes observed on December 21 and December n 
(a. m. civil time), the sun's hour-angle was computed for each of these observations. 
The clock-corrections thus deduced from the altitudes alone, reduced to noon, were : — 




The correction of the clock for the phases of the occultation appears to be 
— 48".2 and — 47'-3i with a probable error of perhaps 3'. There is no certain evi- 
dence that the clock used was the same with that with which the altitudes were noted, 
but the close coincidence between the figures, — 18, written under the observed sec- 
onds of immersion, and the correction of the clock on apparent time, make it probable 
that the clocks were the same. The correction — 18' is that actually applied by 
CiSsiNt, as appears from the pubHcation of his result in the Memoirs of the Academy, 
vol. X, p. 674. The time there given is 9'' 34"" 48'. 

The emersion is to be received with suspicion owing to the double record, and 
the possibility that the observer did not catch the star when it first e 



i5S6, Apr, 10. Occultation of Jupiter observed, but no sufficient data for clock-correction. 
Occultation of unknoivn star, 1686, Jane 25, 9^ 53' 51" p. in. clock. 





June 24, 


© altitudes. 




10 3. 


59 ^° ° 59 33 ,0 mic 




33 54 


59 40 I 54 




37 


60 00 


June 25. 


53 midy. 


9 53 51 uiie fixo diiu.s la p;irt,e obscure j. 


June 26. 


haut. du bord du soleil. 




9 34 II 


53 11 58 48 




9 37 48 


53 30 16 




9 41 7 


53 59 




44 49 


53 30 




48 23 


54 5 ccttedeniiorc seule est boui 


June 27. 


n 58 54 


K 




003 


1 centre (^). 



59 3 l( 
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The clock-timea of apparent noon, as they follow from the meridian-mark and 
from the altitudes, are aa follows : — 





Mark. 


Altitudes (correuted for rate). 


24 


0' 0'" 43'. 5 


0" 0" 38'.s 


25 


0' 0" 53": 




26 


11" 59"" 57"- 


11" 59" 53" 


27 


0'' o"" 3' : 




28 




0'' o» 3',5. 



+ I- 11 = 

9" 45™ 41' 


or + 2™ 1 1* 
or 9'' 56" 2" 
or 9'' 46" 41' 


Juillet 


2. 11 59 19 |( 

26 a I'ombre. 

1 36 )| 



The clock appears to have been piit back a minute on June 25, and there is no 
way of determining whether it was done before or after .the occultation. The correc- 
tion on apparent time at 9''.9 was either — 5^or-|-9^ The equation of time is 
+ 2° 2^ We have therefore: — 

Correction of clock on mean time 
Paris mean time of occultation 
Greenwich mean time .... 

The star is B. A. C. 3579. 

1686. I Juillet. II 59 16J |( 
^35 )l 
o 25 I'ombre a midy 

L'horloge oce. retard i". 
9 19 57 une etoile eiitre daus luiie. 
9 37 10 elle s'eet sortie. 

36 □ elle estoit sortie. 

Following this are observations ratlier difficult to nnderatand, from wiiich it is concluiled that 
midnight on the 2d was at o'' o" 28'; and on the 3d, midy was o" o"* 34*^. 

Using the correction of the meridian from the observations of June, we have: — 

Transit of O, July i., clock . o'' o" 21^0; meantime •.'' 3™ 9^7. 

Transit of 0, July 2, clock . o" o" 22^3; meantime o'' 3™ 21^2. 

Cassini finds, July 2.5 . . .12'' o™ 28=; meantime 12'' 3'" 26^7.■ 

Cassini finds, July 3.0 ... o'' o"" 34'.5; meantime o'' 3" 32^.2. 

The clock-correction on mean time seems pretty well determined, and equal to 
+ 2" 59^ It seems possible that the clock used was the "horloge occidental", one 
second slower than the other; but the correction will still be less than 3" o\ We 
have, theref<.)re : — 

Paris mean time of immersion of B. A. C 5395 (f) . . 9^ 22™ 56= 
Greenwich mean time of immersion of B. A. C. 5395 (?) . 9'' 13"' 35^ 
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I shall not attempt to use tlie emersion. 
1689. Mai 18. 53 9 |[ 



52 S9 l( 

53' 15 )l This time ia probably 2" 
6 29 I'epy lie la W. au verticaie 3: 



9 37 
9 59 



Iimr 



9 54 53 
9 30 42 



9 52 46 



d'ane etoile de EC pre 
par le vert. du. (?) 



: 54 o^ midy. 



e..rly. 
40 30. 
de grimaldi. 



le dernier burd du au vert, de IVtaut, 

I'epi au vertical. 

areturus passe par le vert, du tjuad. 

49 30 3° 14 59 46 

49 5° 27 53 14 )l au " 

50 10 35 33 2 16 



I'epy aii m 
areturus n 



Mt. 



Notes on the preceding observations, especially the l.st:— It is hard to say with certainty 
what instrumeDts the transit of tUe sun wiis observed with. By induction, however, I conclude 
that the signs |( and j\ meant transits of the suiis's limbs over the meridian of the outant. But 
from the observations of Hay 21, it would seem that this eould not have been the case May 22. 

The following, however, are transits of © centre over something, and times of apparent noon 
from corresponding altitudes: — 



)l K 



53 56 

59 56 m 

59 54J 



56™ 6' 



Quad. 



Corresp. alt. 
II 54 37 



The following are the altitudes of the sun for time :— - 
May 15. 



54 


50 


57 


34 


2 


58 


5 


47 


8 


37 



52 4 


34 33 


46 30 


26 S3 


43 45 


29 15 


40 55 


31 36 
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The reduction of these observations has proved troublesome, but I think a pretty 
certain result may be reached. We have altitudes, singly or in pairs, on tlie civil 
dates May 15, 23, 24, and 26. From a separate reduction of the pairs of altitudes, 
the index-error of the altitude instrument seems to be only o'.i. The clock-times of 
apparent noon are thus found to be as in the following table. Comparing them with 
the times )|, |(, we have the three corrections of the latter: — 



Date. 


N 


Alls. 


)l and |(. 


Cqu. 


Me 




Ciock-cor- 




/: 


m s 


/; m s 


, 




m 1 


??t s 


May 15 




54 37 


II 54 8.5 
It 54 7- 
II 54 0.5 


+ 28.5 




55 50 

56 3 
36 7 


+ I 13 
I 31 


23 


11 


54 18 


11 53 56. 


-i-22. 




56 12 


+ I 54 


34 


" 


21 


u 5g s(>-- 


+ 25.: 




56 17 


- 4 4 



The mean correction to the principal noon-mark being -{-25', this quantity is 
apphed to the clock-times of the transits of the sun on the 21st and 22d to obtain the 
clock-times of apparent noon. The clock-correction for the time of the occultation 
being +1" 35*, we have : — 



Paris mean time of occultation of Weisse II, 1656 (?) 
Grreenwich mean time of occultation of Weisse II, 1656 



9' 38'" 



1690. Apr. . 



I g"" 29'" i6^ 
Oecultations of 1690, Apr. 13 and July 3, 
^ 37' 52" j'ay vu entre la flxe derriere le disque de la Luiie par la iuiict 



The data for clock-correctious are: — 



l( 


)l 


57 48 


59 58 


58 23 


32 


57 33 


59 41 


56 ai 


58 30 


56 13 


58 " 



Correspouding altitudes 0. 
Mar. 24. 

' " i. ' " o 

3 22 I ss 19 37 

6 42 St sSi 37 

10 10 48 31 37 
April s. 



('lock adv. 3', Apr. 



59 7 
58 48* (?) 
58 13 

57 5*^ 

58 3 
57 34i 
57 ^° 
56 43 



45 13 
49 32 



17 14 



52 29^ 7 3J 

April 24. 
O per corresponding altitudes 
out correction . . 5 

Interval jn ^ 

\-\ Apr. 23. . . I, 5 



Fith- 
"45" 



" In this and the following observations, it is staled distinclly that llie ti 



ertical of the great quadrant. 
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Olock adv. 3'. Apr r 



59 6 





_ 


So on Apr 


24 the correction was 


58 40 





51 


about + 17". 






57 55 


° 


6 




June 13. 










9 50 56 


2 S 4 


54 20 








53 19 


5 42 


54 40 


57 41 


59 


58 


57 4 


I 57 


55 2Q 


57 45 (sic) 


59 


3 


59 3'5 


59 25 


55 30 


58 ^5il') 


60 


44 


10 2 6 





55 50 


58 24 





41 




June 16. 




5821 





39 


b. ' " 


h. ' " 


' 








9 22 22i 


2 36 48 


50 20 








24 36 


34 32 


40 








2652 


32 155 


51 








29 8^ 


29 s8 




59 14 


I 


30 


31 25 


27 40 


40 





I 


28 




July I. 







1 


31 


9 27 56 


2 32 50 


5° 5° 



3 Juillet 3 5 25 nne flse (les Plej'ados entre 
dans la lune. 



We have first to find the corrections of the quadrant from the corresponding 
altitudes. The results are as follows: — 



DiJtc. 


Noon, from 
Quadrant, 


From Alli- 
ludes. 


Corr of 
Quad. 




/; m s 


m s 


J 


1690, Mat, 24 


a 58 53. 


59 3-0 


+ !0.0 


Apr. 5 


S9 18. 


59 3"-S 


+ 12.8 


Apr. 24 


57 19-5 


58 3'-3 


+ 71-8 


June 13 


58 54. : 


59 ^^■<> 


+ 34-6 


June 16 


59 30. 


59 32,5 


+ 2.5 


July I 


60 22. 


60 25.1 


+ 3-1 



We here meet the perplexing question whether these great changes in the position 
of the quadrant are real, or whether they arise from an accidental eiTOr of a minute 
in the record of April 24, and half a minute in that of June 13. There is clearly an 
error of one minute in one of the records of transit of the sun's limb on the latter 
date: I have assumed the error to be in the second limb. But no change in the 
minutes alone will reconcile the correction with the two following ones- For April 
24 I have copied nothing from the original record; the transit of the sun over the 
quadrant was not observed, but is deduced from those of the days preceding and 
following. For the con-esponding altitudes I took the mean of the actually observed 
times with the mean interval, the latter being required to compute the correction due 
to the change in the sun's declination. The remark about the correction being + i y" 



(')J'av 



i replace le grand Q. auparavant 1 'observation. 
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I am now quite unable to understand. I have assumed the correction oi' the quadrant 
to be +12^ on April 13 and +3' on July 3-4. Then, we have; — ■ 



Date. 


Clock-lime of 
Noon. 


Mean Time. 


Clock-cor- 




h III s 


k m s 


m s 


1690, Apr, 13 


11 59 57 


18 


+ 21 


Apr. 15 


II 59 12 


11 59 47 


■f 35 


July 2 


23 


3 22 


+ 3 59 


]uly 3 


26 


3 33 


+ 3 7 


July 4 


29 




+ 3 15 



We thus deduce : — 

Clock-corrections at time of occultation 

Pai'is mean times 

Grreenwich inean times 



J„l, 2 




+ 3" 


4 


5" «. 


29 


4' 59" 


s- 



The stara are supposed to be 136 Tauri and 27 Tauri. 

Assuming the quadrant to have been steady, the probable errors of these times 
do not exceed two or three seconds. If, however, the corrections to the quadrant on 
April 24 and June 13 were real, and the instrument coiTespondingly unsteady, the 

times may be in error by twenty seconds or more, and are probably too great. 



Occultation of Aldebaran, 1699, Aug. i 



la Inne et paruit g 



Ang. 19, A, M. I 38 44 I'etoile touehe. 

1 39 23 I'etoile entre. 

2 17 12 I'etoile sorte de 

A correctioi! of i™ 6° is then applied for clock-error ; hut it is not possible to tel! bow it was 
obtained, and the confusion of the observations and of the two oloclis is such tliat tiie independent 
oomputation of a olocic-correetion is not possible. Here, as in the observations of 1684, we find 
comparisons between a "liorloge orientiile" and '-horloge occidentale ", but no indication as to the 
clock witli which any particular observation was mail e. 

Id examining the observatious 1686-1690, I find no indication that more thjui one clock was 
used. 

The last volume of the series from which the preceding observations arc copied, viz, vol. 19, 
is in a much nicer handwriting, and is evidently not a simple record of observations, but a mix- 
ture of observation and calculated results. An occaltation of Aldebaran was observed 1701, Fe'b- 
rnary 16, but it is hard to tell what is meant. 

The dnplieate series is bound in vellum, and ia evidently a simple copy of the preceding in a 
fairer handwriting. As the copy seemed to be quite correct, and to include everything, I have 
sometimes employed it to copy from, nearly always, however, comparingwith the original as I 
went along. This series is numbered 1009, and is bound in vellum. Vol. 1 is missing; at least, 
I could not find it. Vol. a commences with 1682, January i, but has no title whatever. On the 
inwide of the cover of each volume ia a rude index to the principal ob.servations. The series con- 
Unuea without interruption to 1795, but a iitimbijr of volumes are missing. 
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From the last described series, vol. 9. 

Eclipse of 1724, May 22 ? 

Observations faites par Sarel {1) daus tour inferienre occideiitale. 

5 ss Z4 com, decl. 

6 49 10 Totale. 

51 52 recouv. de lum. 

57 40 On ne vcit plus le soleil. 

7 39 o pend. sup. 
7 39 26 pend. inf. 

Observation faite par M. des Pi^acbs avec une luQ^tte de 34 pieds par le uioyen de I'image 
du soleil qae se peigDoit snr uii papier .... avec uue luoutre de poehe mis sar I'beure de la pen- 
dnle a deinie second. 

5 56 o coniin. par estimation, 
(sic) 6 48 ao Totale. 
(sic) 51 s reconvr. de lumiere. 
Imm. duns I'ombre 2™ 35 sec. (sic). Oette eclipse a 6t6 observ^o a Trianon. 
A I'observatoire par M. Gaudin. 

5 55 16 comm. 

6 48 51 Immersion. 

51 13 recouv. de lumifere. 

A Trianon en presence du Key. 
5 54 50 commencement de I'eclipse. 
48 24 eclipse total qui arriva daus uu instant. 

50 40 refouvr. de Inmi^re qui parnt coinme uu eclair. la pciidule avanc6 
do 20" et Yersailles est plus occidentals que parisde52"et trianon est encore a I'oceid. de qnel- 
ques sees. 

All tbis is a literal copy from the record. 
Tbe transits of tbe sun were as follows : — 

l( )l 

Mai 2 



56 28 


58 44 3'adv 


. aiii 


1 pend. 


superieur. 


59 23j Doutunx. 


I 39 B""- 








59 15 " ["ill f>es. 


I 36 









^S 59 19 I 35 

26 59 19 I 31 

There are no altitudes till December 30, and then, it would appear, only because sometbing 
had happened to the quadrant. 

From this point onward, the observations are made and recorded too carelessly to he of any 
use. 

Eclipse of 1715, May 2.8. 
3 May. 6" 51' o" pend. sup. 
6 5°' 54" pend. inf. 
ail. 14" 8 13 o comm. de rEclipso. lunette de 8 pieds, pend, inf. eC lunette de 34 pieds. 

S 27 30 3 Doits 

37 20 sd.i 



30 



o d. i (sic) 
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17 16 3 

23 o 1 

28 30 Fiu ohservefi a luiieite de 8 pietls. 
13 33 o pend. sup. 
32 55 peud. iuf. 
Observation faite a Marly. (Record in tlie same liand, and tliat a good one.) 
Le 2. May a 9" 14' 6" ET. d. Arctnros 51 40 
9 19 ro 52 20 

Le 3. May a 6 40 53 H. dn 18 30 

aS II 32 Commenceaient vu avecune lunette de 8 pieds. 
8 16 10 Un doit. Le pendule a avanc6 de 30" qn'jl faut retraiicher de 
20 58 2 [toutes les observations. 

26 49 3 
zg 54 4 
iji o Qutitre doits 
38 7 Oiuq. 
[Omitted copying tbe rest oftheobaiirvations. Tliey are found priuted in tlie Memoirs for 1715.] 
10'' 28' 20" Fin, que I'antres personues out jugees a 10'' 28' o" 

10 34 59 3- du O 52 40- 

IjC Roy a assists aux observations qui se 8ont faites vers le milieu et a la fin aussy bien quo 
M. le Due d'Orleaoa et toufe la eour qui y . . . |>eQdant preeque toute la dure6 de I'Eelipse. 

At the end of the volume is given Um cjilculation of cloek error from tbe four observed alti- 
tudes. A. E. Arcturas, 310° 42' 3^"; of © at noon, 38"^ 55' 33"; at tiuio of observation, 39° 17' 36". 
Altitude, 51° 40' o" — 48" ^ 5i<^ 39' 12"; ^ = go0^4[0 8' 25"; 11 = 32° 38' 24" &. 31 22 54; sot. 
deb o' 57" (?) o 58" (?). 

J'ay avanct^ la pend, d'une minute. 

Next morning clock errors — 37" & — 28". N, P. D. Arcturus 69° 19' 8". 

There is no clue to the place where or the person by whom the first of the above 
set of observations was made, except the clock-error, which agrees with one determined 
at the Pans Observatory. The second set, made at Marly (now Marly-le-Roi), agrees, 
so far as I copied it, with the printed observations in the Memoires The presence of 
the monarch probably exerted a very injurious effect on the observations, and I have 
been in some doubt whether they are worth using. 

For cloek-<!orroctioii at Paris. 

1715. May I. A. M, 8 5 16 |)eii. inf. = 8 ii o pen. sup,, Diff. 5' 44". 

1 I. 5926 ( 13S )| May]. 

2 59-1 '33 H. d'Arcturus. 

3 59 t8 I 30 SI" 8' 42" 41* 20' 
Now comes this calculation : — 8 22 33 43 30 

11 59 18 8 25 42 44 o 



I 59 51 midy pend. sup. 46 5 " 26 40 

I 59 46 midy pend. inf. 

9 46 4 lei)etit cbien 13 30 



4 May. II S918 |'( I 30 }l ^ '^ " ^° 

The record gives no means of judging which clock was used in observing the altitudes, i 
when the pend. inf. was put back. 
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The coincidence of clock-errors leaves no doubt that we here have the clock- 
con-ection for the unidentified obsei-vation at the Paris Observatory, I make the cor- 
rection for quadrant — 39' instead of — 33% and find, for the correction to reduce the 
^'■pend. inf." to mean time, — 3" 2^. This will make the time of beginning 58* later than 
that observed by La Hire and the others, a quantity so great as to lead to the sus- 
picion of a mistake of a minute in the record. The end agrees well with that observed 
by the La Hikes. The observations of digits are too wild to merit consideration, and 
altogether it does not seem worth while to make any further use of these observations. 



Observations of La Hire. 

In this series of observations, the clock-errors are more carefully determined than 
in the case of the observations of the Cassinis. Occultations are found only in a, few 
widely scattered yeai-s between 16S2 and 1718, but the times are so well determined 
that they seem to compai-e favorably with modem occultations in precision. The 
transits of the sun, and occasionally of stars and planets, are observed over some 
meridian instrument which does not seem to have been disturbed while La Hike 
used it. The following are the con-ections necessary to reduce the times of transit 
over the instrument to those over the true meridian as derived from the con-esponding 
altitudes of the sun, which are found in the following pages : — 



Date, 


Clock-tiiv.e 

ofTransit of© 

over Merid. 


Mean Cliick- 

lime of Cortes. 

Altitudes. 


Mean 
Interval. 


Cotr. for 
Mol. of ©, 


Transit of 
over True 

Meridian. 


Corr. of 
Merid, In- 


Dec. of 0. 


1684, July 10 
Dec, 19 

1685, Teb. 13 
May 28 
July 16 
Sept. T4 
Oct, 10 
Oct. 27" 
Nov. 2t 

1699, June 2^ 

Aug. 21 

Sept. 12 

Oct, 23 

1706, May 6 

1708. Sept. tf) 

1715, May g 


h m s 
12 5 a3.fi 
12 9 43.8 
12 6 28. 

11 58 50.0 

4 5S.6 

II S3 -1.5 

16.5 
II SS 38.0 
It 58 =f,o 


h in s 
12 5 32-S 

t2 6 3^,0 
II 59 g.q 

4 30.4 

52,3 
II 57 42.0 
I! 59 41-6 

39.6 
II 58 9.7 
II 58 49,2 


/( m 
8 50 
f) 22 

6 32 

7 13 

6 5 + 

8 16 

7 I 

S 34 

8 31 

8 49 

9 20 


+ 6,0 

+ 3 

- 19.0 

- 6,6 

+ 9.S 
+ 20 9 
+ 21.3 

+ 15.3 
+ 18.7 

- 13.5 

- 13.5 


5 38-8 
9 23. 5 

6 13.0 
59 3-3 

4 51.3 
I 49,9 

1 7,(i 

53 0.7 

53 30.7 
53 35.7 


+ 15 

- 15 

- 15 
-h 13 

- 13 

- 15 
+ 18 
■H 3 

- 3 

+ 9 
+ 9 


3 

3 
3 

C 

3 

1 


+ 22' 15 

- 23 ^6 

+ 3 n 

- <"> 35 

+ 22 

+ 12 22 

+ 4 27 

+ lO 2f) 

+ 2 37 
+ 17 . 


» For these tl 


tee dales, I have a 


cceptcd La, Hilt 


s rethictic 


nofbiseor 


tspondingalt 


udes, a. 


his 


reductions we 
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We now an-ange these con-ections according to the sun's declination, putting in a 
separate column those determined after the interval of 14 years between 1685 and 
1699. We find them to be as follows: — 

©'_eDee. 1684-5. 1699-' 7i 5- Fiiniiiila. 



23 


- '5-3 


21 


- 15-2 


13 


— 150 


7 


-13.0 


3 


- 7-3 


4 




12 




16 




17 




21 


+ 13.3 


22 


+ 15-2 





- 157 




- 16.1 




- 14-9 


4-9 


-141 




— 12.6 


7-3 


— 66 


3.8 


- 5-7 


3-6 


+ 2.7 


9.6 


+ 8.0 


9-7 


+ 9-0 




+ IS-I 


8.2 


+ 16.6 



14.2 



There seems to be no evidence of any change in the instrument during the whole 
period of the observations. Supposing the axis on which it turned to be quite ti-ue, 
so that its deviation from the meridian arose only from errors of level, collimation, 
and azimuth, the correction necessary to reduce the time of transit of an object over 
it to the true meridian could be expressed in the form 
m -\- c sec S -\- n tan d, 
6 being the declination of the object. The values of tlie constants which best repre- 
sent the above deviations are: — 

C =+ 112\7 

n=-\- 39«.8. 
The numbers computed from these values of the constants are given above in the 
last column. They seem to represent the observed deviations within the probable 
errors of the observations. The following table shows the coiTections computed from 
the formula : — 



Decl, 


Correc- 
tions, 


Diff. 


~ 25 

- 5 
+ 5 

25 


- 15 

- 15 

- 15 

- M 

- 4 

+ 5 
+ 12 

+ 21 


9 

3 

a 

7 

9 
9 

6 


+ 

3 
3 

4 
5 

7 
+ 8 


6 
3 

9 
9 

7 



We shall use this table in reducing tra.nsit8 to the true meridian in order to obtain 
clock-corrections. 
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Extracts from La Htiie's Journal. 
Vol. 93, jiago 4. — La Hire's tirst occultation, observed at Observatory. 
1682, Feb. 15.©. 
Mane ' Vesper. 

9 I 49 17 30 2 58 40 Correct, 37^. II etoit done midj a ri 59 55. 

964 18 o 51 22)4 

9 ro 24 18 30 50 2 . 

Le 17 a micly I'horloge devoit se tiirder de 37, 

From altitudes of Cauda Leonis it seems the clock lost 2&"' 52" on sidereal time between Feb- 
ruary 10 aud 17, or 11"^ a day on mean time. 

Tlie following are the altitudes on the 17th :~ 

1682, Feb. 17. 9'' 4' 6" Alt. = 280 30' 

7 II 29 o 

10 15 29 30 

13 22 30 o 

Eclipse of ITjades par la hiuc Feb. 15. 
l>onb. * I 6 59 2 Emersion of a. i Aceordiug to Lb Monnibr, Hist. Goeleste p. 257, the 
. J 7 I 2j " b.f apparent times were 6 59 12, 7 i 37, 

The corresponding altitudes of the sun give : — 

Clock-time of ©'s transit 23'' 59'" 54^.9, 

While mean time of 0's transit is o'' 14"' 4i'.7. 

Clock-correction -{- 14"" 46''.8. 

The clock-rate being 11^5 per day, tlie error at the timp of occultation wottld be 
-f 14"' 50^.2. As a check upon the rate, I have computed the correction from the alti- 
tudes of /3 Leonis on February i 7, and found, as the mean result from the four alti- 
tudes :— 

Feb. 17, 9'' 9"' clock-time; correction = + 15'° 1015. 

This gives a rate of 10^ per day, and a correction at the time of occultation o".4 
less than that found above. I have, however, used -|- 14™ 5o^2, giving: — 

8' Taiiri. 6' Taiiri. 

Paris mean times of occultation . . 7'' 13™ 52^2 7'^ 16'" I7^2 

Greenwich mean times of occultation 7'' 4" 3r''.2 7'' 6™ 5612. 

The equation of time being + 14™ 4o'.8, these results do not differ one second 
from those given by Le Monnier. The phase is actually immersion, not emersion. 

© HoUpse, 1684, July 12. 

Mannscript, vol. 93, page 287. — Observations of LA Hire. 

10 Jnlij. 

Altitudines superioris Limbi pro horolog. 



7 32 544 31° °' 

35 5S 31 3° 3S' 8" 

38 59 32 o 32 5J 

42 3 32 30 29 2 

45 Sh 33 o 4 25 59^ 



Correetio 12J addejida. 
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Meridiea liorologio indieante is"" 5' 38"^ 

© Transitus prions Limbi 12 4 15I 

Transitiis posfccrioris Liiiibi 126' 32" 

Trauaitus centri 12 5 Z3f 

Transitus per. ver Meridianura 12 5 37 

2 Transitus ceutri 3" 6 32J 

Transitus veri Temp, per verum Merid, ... - 3 o 55 

U Trausitus Ceutri 4'' i' 8" 

11 Julij. 

Transitus prioria Liinbi 12'' 4' 19" 

Trausitus posterioris Limbi iz 6 35^ 

2 i6i 

Transitus centri 125 27^ 

Altitudo Merid. superioris Limbi 63 27 50 

N Serpentarii Trausitus 9 3° 54^ 

et tardavit (?) horologiura pvo duobus diebus 10"^ 

12 Julij. 

Altitudines superioris Limbi © pro borolog. 
Mane. 
5 36 



29' 56" 



Chordae 
13' 3°' 



39 H 



30 



Vespere Eelipsia 
Temp 11 8. 


Solaris. 




Tempos. 


" 35' 59" 








5" 




3" 45' 49' 


41 49 








45 




56 49 


43 59 






13 


45 




4 2 29 


49 59 






1+ 


39 




6 9 


53 49 






16 


14 




10 49 


57 29 






19 


32 




'9 39 


3 49 








23 




34 19 


9 59 
16 29 






23 
26 


30 
46 




30 39 
37 39 


33 49 






29 


37 




44 19 


34 9 

42 9 


Ii 


itium 


2 31 

5 


6 
44 


tempore liorolog. 
corr. horol. subt. 



25 23^ temp. vero. 



29! 39 
37 39 
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Finis totias Eclipseoa, 4'' 49' g". 

Pars illumiiiata if 44", 4^" 14' 49" Diam. Luiiae 29' 39." 

Horologium accelerabat tempore Eelipaeoa 5' 42"^. 

Fait igitur linis veri temporis 4^ 43' 26"^. 

13 Julij. 

AUitudiues anperioris Limbi pro horologio. 
Mane. 
8 33 12 40° 30' 3 38 5 Onrrecitio addenda 

36 19 41 o 34 58 

39 28J 41 3a 31 49 

42 37 42 o 28 40 

III meridie sole existente, horolog. iiidicavit 12 5 44^. 

The clock-corrections for this eclipse are derived as follows ; — 



Date. 


Clock-lime 
of Noon. 


Mea 


Time. 


Clock-cor- 


1684. 


h m s 


A 




m s 


Jnly 10 
13 


5 40.0 
5 42.3 
5 44-3 




52, a 

8.6 


- 55.9 

- 45-5 



The single altitudes observed on the morning of July 12 could be made avail- 
able for determining the clock-correction on that day ; but the rate of the clock is so 
good that I have not deemed it necessary to go through the labor of discussing them. 
Interpolating between July 1 1 and 13, we find for the clock-error, before and after 
the eclipse : — 

July 12, 2^I Clock-correction, —4210. 

July 12, 5\3 Clock-con-ection, — 4i=.o. 

OcGuUation of p. Oeminorum, 1684 Dtx'ember 21. 

19 Deceinbiis Maae "E Transitus 7" 25' 7" 

Alt. © sup. limbi pro horolog. 
Mane. ' Vespere. 

8" 53' 55" 6° o' 25'" 2= i" correctio add. 

56 54 6 20 22 2 - 

59 55 (> 40 19 3 



57 



3 15 59 



Centrum traiisivit per merid. indieaiite horolog 129 28^ 

2 Transitus ceiitri 9 C 55^ 

© Trail, prior. limbi 12 8 33 

" posterioris " 10 54^ 

" centri 12 943I 

Ceti OS. transitus 90 i 

Aldebaran " 10 31 37 

5 1 " 10 33 46 
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zo Decembris. 

Eetroaetum est horolog. lo'. 

® transituB I u 59 o 



Oent. 12 on 
21 Decembris. 
Ceti OS. transitos 8 42 4. 
Pro duobus diebus tiirdavit horolog. 5" 
Inter 21 et 22 in media nocte accelerav 
Accelerae hor. in media nocte 37", 



Vespere. 



Occultatio stellae /j. 11 a (! parte eclipsata 

Emersi" vel appar. ejus -Jf 

Transitua j I 



I 44^ 
4 oi 



2 Decembris. 
I II 59 S3i 



The clock-corrections derived from the transits of the sun from December 1 9 to 
22, and those of the moon and a Ceti on the 21st, are shown in tabular form below. 
The first transit of the sun is that derived from the corresponding- altitudes. The 
tabtilar right ascension of the moon probably requires an increase of two seconds of 
time; this correction has therefore been applied to its tabular right ascension at the 
time of transit to obtain the mean time of tra,nsit. 



Dale. 


Object. 


Clock-time of 
Transit over 
Meridian In- 


Cor 

Devi 


r.for 


Clock-lime 
of Transit 
over True 
Meridian. 


Computed 
Mean Time 
of Transit. 


Apparent 
Clock-cor- 


1684. 




i m s 




J 


ni s 


m J 


P. s 


Dec, .9 


© . . . 


g 43. S 


- 


is-g 


9 28. s* 


58 19.3 


- II 9.2 


20 


© . . . 


II. 


- 


15.9 


59 55-1 


58 49.4 


- I 5-7 


21 


a Ceti . 


E 42 4. 


- 


^■3 


41 57-7 


40 53.8 


-.1 3.g 


31 


Moon . . 


12 2 52.5 


+ 


17.0 


3 9.5 


2 6.0 


- I 3-5 


22 


© , . . 


12 I 4.8 


- 


I5,9 


43,9 


59 49-8 


- sg.i 



The occultation was observed between the transits of a. Ceti and the moon. The 
agreement of the clock-corrections and the uniformity of the rate seem to indicate 
that the times can be determined within a second. Deriving the clock- correction from 
the transits of a Ceti and the moon, we have : — 

Immersion. Emecsioo. 

Clock-corrections for occultation of // Geminorum . . — !"■ 3^8 — i'" 3^7 

Paris mean times g*" 34™ 19^2 lo*" 7'" 58^3 

Grrecnwich mean times c^ 24" 58^2 9'' 58" ■^7^^: 

*Fronj the corresponding altitudes. 
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1685, Feb. 13. 
AUitudiiH'S sup, limb. O pro hor. 
Mane. Vcspeie. 

8^' 46' 14" 14P 20' 26' Si" 

48 53 14 40 24 10 Correct. Siibt. 38". 

51 34 15 o 21 29 

54 17 IS 20 18 48 

Solis cent, tetigit nieridianuD], indicaute hor. 12 6 13. 
© trausitns I 12 5 21 
n 7 35 

Oeutri 12 6 zS 

On 1684, Dec. 2, the transit of O was i4.)4" late, so that there can be no doubt of the correc- 
tion to La Hire's gnomon. 

Here there is ;t lacnue in Dblislb's copy of La Hire, from which the preceding is copied; 
this hicuae is afterward filled up from La Hire's original. 

1685. For correcliou of La Hire's meridian. 
A, M, May 28 P.M. 

8 17 50 39 o 

2057 3930 

24 4 40 o 

27 14 4030 



July 1 5. 
19 30 



62056 

24 2 

39 3° 


7 32 34 
35 +5 
3856 



7 48 21 

51 44 
55 " 
5«35 



18 75 Ap. 2 



340 29 

37 "J 
34.6 
3> 9 


i3i"coiT. subt. 0Tr. 


«i 57 42 
II 5958 


II 58 50 
1' 59 3 






+ 13" 


5 39 ^S 
3621 
2058 


J2.«aa,l. SI''- 
19" add. 


'I 59 °i 
13 16 



43626 42" add. Sept. 13O '9 4^6 
,33 16 12 6 34 

30 6 

^'^ss ,."ofl,). i^ 530 



8i 
IS o 4 51 18 43"iitld. Scpt.iSO 12 2 sij 



1438 

'1 13 


„ Oct. 9, tr. 


.2 I22i 

3 32 


7 45 
4 23 


+ 42"4 


.2 2 27i 




Oct. II. tr. 


.2 O32J 
2424 
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Vol. 93, 1>. 429- 
Immeisio ytellae H Gomiiinruuj, 1685, Oct. 17. 9 52 29 Penii. 
Oct. 16 ©cent, transit 11 59 38 

17 Suheiit Ptigasi tr. 9 14 ir 

Markab. 9 15* 57 [* Lk Monnier priiits 14, which isrifjht, but it isclciirli' 

18 aAquiiiB 5 57 45 15 in the MS.j 



■ Markab. 9 10 5^ 

3o © II 58 16.6 

27 Correction of quadrant per © — le^^- 
Nov. 27 " " — iS'i- 

The clock-corrections from 1685, October 16 to October 20, are derived from the 
observations as follows : — 



Date, 


Object. 


Dec. 


Co 


r.for 
atioii. 


Clock-time of 
Transit over 
True Meridian. 


Computed 

Mean Time of 

Transit. 


Apparent 
Clock-cor- 

tioii. 


C. 


.. 


1685, 
Oct. 16 




- 9-3 




13. S 


11 ,59 24.2 


23 45 31.2 


- 13 53-0 


53-0 


0.0 


17 


^ Pegasi . 


+ 26.3 


+■ 


23 


9 


9 '4 34.9 


9 48 


5 


- 13 46.1 


39 


2 


- 7 






a Pegasi . 


+ 13.5 


+ 







9 rs i-i 


g I 20 


4 


- 13 40.7 


39 


2 


- I 


5 


IS 


n Aquiiee. 


+ 8.T 


- 




9 


5 57 43-1 


5 44 14 


4 


- 13 28.7 


3" 


5 


+ I 


S 




(3 Pegasi . 


+ 26.3 


+ 


23 


9 


9 10 28,9 


8 56 52 





- 13 36.9 


29 


2 


- 7 


7 




a Pegasi. 


+ 13.5 


+ 







y 10 55.0 


8 57 23 


9 


- 13 3'.r 


29 


2 


- I 


9 


20 


. . . 


- 10.7 


- 


14 


2 j 11 58 2.4 


23 44 49 


4 


- 13 I3-0 


13 


° 


° 


° 



'I'he discordance of clock-errors is perplexing. There is a seemingly systematic 
difference of nearly six seconds between the corrections from a and from y? Pegasi. 
As tlie latter lies without the limits between which the deviation of the instrnment 
was determined, the con-espontjing result is to be received with suspicion. If we 
determine the clock-correction and rate from the transits of the sun on the 16th and 
2i8t, we have the results in columns c' and A, the latter being the difference between 
the computed error and that derived from the intermediate observations. The most 
probable value of A for the time of the occultation may be estimated at —1' 
probable error of 2". This will give for the occultation of H Greminorum : — 

Clock-correction — 13'" 4o".o 

Paris mean time of the occultation, October 17 . 9'' sS™ 49'o 
Greenwich mean time of the occidtation .... 9'' 29'"28^o±2^ 

Mane, 19 August 1699. 
Immersio Aldebaraii i" 41"" 315" 



I, with k 







Emersio 


2 19 


37- 


St'detlam 


in uiomeiilo iippa 


■uit magna e.t i 


disco d rdlexionebiniinit' 


Tho obser 


■I'd Iriiiisils of © 


weie :- 


i. 


11. 


Cent. 




Aug. 15 


I 


57 3^ 


59 iH 


S8 43i 




17 




58 ^3 


33 


■59 28 




18 




58 43 


° 54 


59 48^ 




21 




59 59 


2 9 


I 4 




A. M. Al 


C. If) h 






. 14 17 
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Aug. 21. AlfcitLiiiiiidR pro liorolog, 
8 II I 30 30 3 50 43^ 

14 14 31 o 47 30 

17 38 31 30 44 18 Coir. 31". 

20 39J 32 o 41 4^ 

23 50 32 30 37 48 

Ceiitniiii purvenit nd Ciroulem meruJiimuiD iiidieatite horuloitio 12'' i' 7"^. 
Qiiara tiinhit qiiivdriiti^ inuriilis in altitudiuein 53° 12' ... . 3^". 
On t!ie 2(i June preceding, he found n correction to the quailniiib of + i8"i, as follows : — 

Iraiisit Juno i, o 1 48 

5. o 2 55 
Deliui transire .... " 2, o 2 i^ 
Transit per alt. corroKp o 2 20 

Oorr ■ +i8i 

Again, Sept. 12, tiL,; oo)Te«tioii w.w —4". Tlin eli;ini;e prohibly de]ien(is on the sun's Z. D. 

The (lorivation of clock- coiToctions from transits of the sun is as follows: — 




In obtaining' the time of the last transit, double weight has been given to the 
result from equal altitudes. Interpolating between the last two corrections, we have, 
for the times of phases : — 











+ 
13' 


3" 4"-8 
44™ 40^8 


+ 3'"- 3'-8 
I4''22"■4o^8 


Paris mean time, 


l6qQ, 


August 18 . 










13" 
s, 1699, 


ss'^ig^s 


14'' 13"' I9^8 






S,'pt- 


© Edips 


luitium 


8" 


13' 18' 




Dis 


8 30 


9 41 39 


Dig. oj 




15 43 






8 

7 3° 


45 31 
49 27 


i| 




22 19 

25 30 






6 30 
6 


55 42 


2h_ 




28 44 






s 30 


4 13 



3^ 
4 
44 
5 



• It seems as if the minutes 
show with certainty whether this 
made after taking the differences. 



first recorded were 26, and that they « 
vas simply to make tlie differences rui 



e afterward changed t< 
more smoothly or not 
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Dig. 6 


ii' 50' 28" 


I 


)ig.2 


10 30 26 






7 


54 2 
57 23 




I 30 


33 53 

37 19 






7 30 


9 I 20 




30 


39 57 






8 


5 11 




fliiis 


43 iS 






8 30 


9 12 












9 


14 6 


Dinmeter © oum mierometro 31' 58". 






9 30 


21 21 












Maxima obscuritas 


Tempore 


observation! 


liorolog. tardebat 


i' 41". 




9 30 


28 57 












9 c 


35 53 












© tr. I. 


II, 


Cent. 








Sept. 12 


II 57 


59 9 


SS 4i 




Sept. 12. 




13 


5<> 35 


58 43 


57 39 


Altitudincs pro borol. et qua- 


" 


57 27 


59 39 


583. 


driintia 
8" 1 2' S3" 


tnuralis deviation 
250 0' 42 


30" 


20 


58 3^i 


3H 


59 34S 


22 58 


26 30 33 


26 


21 




i6i 


59 "5 


26 ao 


27 29 


3^'* 


Z2 


57 45 


59 S'h 


S8 48i 


29 A-li 


27 30 25 


23 


57 ^ok 


59 29 


58 «4i! 


33 15 


28 22 


9 


26 


56 8 


58 17 


57 "4 


36 44 


28 30 3 18 


42 


Oct. 22 


59 H 


I 20J 


.4} 








23' 


59 " 


I 33^ 


.7.1 




Oct. 23. 




24 


59 14 


I 26 


°"° 


7 37 20 

40 46 
44 15 


70 0' 22 
7 30 iS 
80 T5 


36J 
7 


Oct. 23 


Cent. tr. pe 


mer. circ 


iiid. borol, 


47 45 


8 3C 4 II 
Corr. 40^ add. 


41 


QiiaiDobrem anferendum 


iu haod altituiline © 15 


"^ a triiiisitn centre per quadrante 


muralem. 















The clock-corrections are derived thus : — 



Date. 


Cloclt-limc 
of Transit. 


Mean Time 
of Transit. 


Clock-cor- 


1699. 
26 


23 59 26.2 

59 3-0 
SS 4".o 
58 15.8 
57 2.8 


A m s 

23 53 9-3 

52 ^6.6 

52 28,0 

52 7.5 


- 6 16,9 

- 6 14.4 

- 6 12. 

- 6 8.3 



The correction for the time of the ecKpse is — 6™ g^ 

1701, 23 Sept. {mane). 
Aldebaran occtiltata a Lnna 6 10 50 

670 veri temp. 
Notandum quod Stella jam supra disciim Lnnae quantitatae I'/i diametri suae apparebat 
quaudo oninino evanuit, et circiter post 2" teinporis centri stellae immersionis appareiitis. 
(A similar remark was made on the other occultation.) 
Bmersio . . 6 57 8 
Veri tempori^ 6 53 18. L'horloge tarde de 35" par jour. 
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■ There are no corresponding altitudes given ainee those of Oct, 23, 1669, but he seems to Itnow 
the errors of his quadrant e. g. 

20 Sept. 1701 9 centri Transitus per Quad. mnr. 11'' 7' 42". 

TransitusperQ. M. veri temporis II 2 121^ altitude ver. 5o<3 n'. 

Transitus per v. merid. ver. temp. 11 z 12. 

On tbe same day we find : — 

Transitus centri per vero merid. 12 5 aS, indicatiug a correction of — 6". 



1701, Sept. 19 



Sept. 23 per ver. inerid. 12 3 41. 



tr. I. II. Cect. 

5 7^ 7' 16". 6 1. 1 

20 4 30 6 38 5 34 

21 3 35 6 3 4 59 

23 3 43 4 SI 3 47 

24 28 4 16 3 12 

There are no altitudes within the two years following, and no explanations of the data for 
deviation of the mural quadrant. 

The clock-corrections, as derived from the transits of the sun, are : — 



Date. 


0's Dec, 


Corr. 


Clock-time of 
Transit over 
True Meridian. 


Mean Time of 
Transit. 


Clo 


k-corroc- 


Hourly 
Rate. 


1 701. 




J 


h m s 


A m s \ 


M s 


. 


Sept.ig 


+ 1.6 


I 'is 


5 26.2 


23 53 40.2 - 
53 '9.4 - 




0.72 
0.60 


21 


+ 0,8 


- 8,1 


4 50.9 


52 58.6 - 


1 52.3 




23 


+ 0.1 


- 8.7 


3 38.3 


52 17-5 - 


I 20.8 




24 




- 8.Q 


3 3.1 


SI 57.1 - 


I 6.0 





Interpolating to the time of occultation, we have: — 

Clock-correction for time of phase —11" 24^7 —11'" 24^2 

Paris mean time, Sept. 22 . . . 17" 59"" 25^3 18^ 45" 43".8 

Greenwich mean time .... 17" 50'" -4'.^ 18" 36™ 22^8. 



1706, ® Eclipsis, 12 Mail, mane. 
Initiuiu eirca 8" 25" o" nam hora 8 25 10 jam apparebat Bclipsis quam proxime }4 digit 
quoil ad visum per tnbum patebatur. 

Postea nubes frequentissimae nullas obaervationes habere perniisserunt usque ad horani 8" 48'. 
Observationes sequeutes habitae sunt horologio nt se habet et non correcto. 



IVIay 



8' 0" 


19' 59" 


9 54 45 


II 24 


2 


17 49 


5610 


12 2 


5 


16 33 


57 45 


,12 45 


7 35 


15 ^7 


59 3'> 


13 23 


20 


14 I 


50 


14 


I 10 


II 24 


2 25 


14 39 


7 15 


10 46 


3 45 


15 17 


8 40 


10 8 


5 15 


15 55 


9 55 


9 30 


645 


16 33 



Transits of ©. 




59 37 


I 49 


2 043 


— 


I 35^ 


0.9J 


59 "^ 


I 23 


16J 


— 


I 10 


3i 


58 46 


" 59 


59 SH 


58 36 


48^ 


59 42i 


5«23 


s'i 


59 ^9i 
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7 36 
6 58 



l^ 48 
18 26 



: 58 10 O 24 12 59 17 

— o 13 59" 6 

57 43 59 56 5^ 49J 



6 Mail pro meridie determiiiando tUtitudiues ©. 



2+ 5 
26 5 



3+ IS 


3 TO 


35 15 


24 47 


36 15 


3 48 


26 25 


25 30 


38 26 


4 26 


27 52 


26 8 


40 


S 4 


29 10 


26 46 


4138 


5 42 


30 20 


27 24 <Jei]fc 


43 ° 


6 zc. 


3^ 32 


28 2 


44 40 


6 58 


33 5 


28 40 


46 20 


7 36 


34 3C 


29 i& 


47 30 


8 14 


3G s 


29 s6 


49 S 


8 52 


37 40 


3° 34 


5° 25 


9 3° 


40 24 


tiiiJH eclipsis accurate 



7 37 36 


28 30 


23 44 


40 41 


29 


20 38 


43 42 


29 30 


17 36 


46 49 


30 


14 30 


49 54 


30 S'' 


II 27 



5^ 58^ 31 ° 
Oeiifcrum © tr, iud. borol. 



Tempore eelipsis tardsibat horologium 42". 



The results for clock-error, as derived from the transits of the sun, are as follows;- 



Date, 


Clock-time of 
Transit. 


Mean Time of 
Transil. 


Cloc 


k-cor- 


1706, 


k m s 


k m J 


m 


, 


May 10 


23 59 39. 


33 55 59.5 1 - 3 


39.5 


11 


59 26. a 


55 56.8 


- 3 


30.0 


12 


59 i6.2 


55 54-7 


- 3 


21.5 


14 


59 0-4 


55 52.1 


- 3 


8.3 



The resulting clock -correction at the begimnng of the eclipse is — 3™ 2 2*.7, and 
at the end —3'" 2l^9. 



© Lnui. 


I 




II 


(Jeut. 




pro imirid. 


© trans. 


I 



170S, 23 Februarii, 
ri 59 8 



2 Eelipsis a 1 Inilium 7 3 47 



Veri Teaiporis 


7 3 48 


Finis 


7 3 57 




7 3 58 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON, 



143 



1708, Sept. 14. mane. Eclipsis 0. 

Id media eoHpsiK horologium tardabat ex tempore vero 35" sen eoirecio postea tempore per 
novas observationes tardabat 37". 

In seqiieiitibus pbasibus tempiis veriiui iiotiitum pst. Seil addendum praeterea z" propter 
novas correetiones qaadraiitia. Initium Don fait obaervandum propter nubes. 



Hora vera. 


Diameter 

residua Sol 

Diaiaetri 

illuiiiinata 


(• S3 44 


29' 46" 


55 43 


29 8 


57 37 


28 30 


59 3C 


37 52 


7 I II 


37 T4 


2 s6 


26 36 


4 47 


25 58 


63s 


25 20 


8 25 


24 42 



7 24 32 
27 31 
31 52 

37 39 

52 44 



8 25 




24 


42 


24 15 


26 


36 


10 14 




24 


4 


25 55 


27 


14 


12 13 




33 


26 


27 41 


27 


52 


14 20 






48 


3° I 


28 


30 


= 635 




22 


10 


3' 55 


29 


8 


18 42 




2T 


32 


34 JO 


29 


46 


21 49 




20 


54 


35 46 
fln 38 40 


30 


24 


Omnes isfcae observationes 


ope 


licrometri babitae foeruiit. 












1708. 

I 


Sun's Transits. 
II 


c 




Sept. 10 


I 


" 59 


59" 


2' 7" 


l' 3'^ 




11 




59 


32 


I 41 


° 365 




12 




59 


8 


I 16^ 


124 




T4 




58 


20^ 


29 


59 24I 




15 




57 


5S 


6 


59 3 




r6 




57 
Sept 


34 
16 ait 


59 42 
sup. limb, pro liorol. 


58 38 




7 28 55 




I 


70 0' 


27 17 nubes 






32 7 




I 


7 3" 


24 II 


11 58 29i 




35 18 




I 


8 


21 2 


5830 




38 30 




I 


B 30 


4 17 so (41") 


" 58 3°i 




Ergo centrum © fuit in 


meridiano iudicante liorologio ii"^ 58' 30" 


Ergo, .1 


bt. sunt 


Omnes ipsae observationes 


ope 


nicrometri babitae fuerunt. 






Diameter © post varias 


et 


rejiet 


tas observationes per traiisitum 


per meridi 


inum et 



trum non excesait 31' 48". 

Hora 7^ 31' 52" linea ducta per cornua eelipsis distabat a limbo illustrato 25' 30" ct baee 
liuea ad Bensuin horizoriti erat equidistaus. 

Tho clock-corrections are deduced as follows : — 

1708, Sfipt., 12. 170S, Sept. H 

Clock-times of sun's transit over quadrant o*" 0'° I2^2 23'' 59'" 24* 

Clock-times of sun's trae meridian . . . o*" o™ 6^6 23'' 59'" 18^ 

Mean time 23" 55"" 59'-9 ^i" 55™ i^' 

Clock-correction — 4™ 6*. 7 — 4'" o' 
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The correction on mean time is therefore — 4"' i' during the echpse; and as La 
Hire has ah-eady apphed +35*, the total correction to his times is — 4™ 36^ The 
equation of time is — 4'° 38^ which agrees exactly with Li Hike's direction to add 2' 
more for reduction to apparent time. 

The observations of the eclipse of 1710, 38fch Feb., are given only in digits and fractions, 
aud these only after the middle. 

1711. Transits of 0's Centre. 
July 9 12 o 40^ July 16 



s=i 



July js, Vesper, Eclipais 
Hurolog.? Poi'tio 



Ilium. Ecsidua Dial 



^9 



°54 

o s4 



25 30 
23 36 



17 14 
id 34 

IS 57 



34 42 

35 SS 



19 46 



45 46 



These cannot be actual observations ; the times and measures progress too uniformly.* 
" Journal dea observations de M, De La Hire au moia de Decembre 1714. 
" I/erreur de son Quad, etant sur la fin de I'ann^e de 15" aoustraire I'on aura les midis vraia 
(joranae il suit." 

1714. Dec. 10 II 58 13 I The obs. transits were n 58 28 

18 II 58 .i I "^ 58 i6>4 

1715. Maij 3. mane. 

Les observations de I'eclipse, telles qu'elles font icy ont este faites avec une horloge qui 
tardoit a I'egard de celle du cabinet do 21". 

Eclipsis © cum novo n " 

Digit. 

8'' 12™ 16* Initium. o' a" 
.7 25 10 



41 S^ 

44 3 
40 45 



licrometro. 




Eesiduiiir. 


Digit 


gU ggtd o9 


10' 30' 


29 


10 


35 3^ 


9 


38 42 


8 30 


42 24 


8 


44 46 


7 30 


48 10 


7 


50 s° 


6 30 



57 30 



i 30 



8 32 



3 3° 



'I am inclined to think that the practice of "cooking" observations 
century than is genevally sapposed. Jeaurat must have been a great sii 
Academy for 1779, lie has a series of observations of the Pleiades, which 
very little examination shcnvs to be fabrications of the clumsiest sort, so clumsy 
intentional wrong-doing on that very ground. This is followed by a ! 
thirtesn consecutive transits, which give a uniform motion to the geoceni 






n I find n< 



La Hire guilty of the objectionable practice, and lie only in ti 
with the solar eclipse of 1715. 



re extensively practiced during the last 
ipect. In the Memoirs of the French 
considered authoritative, bvit which a 
iact that the author might be acquitted of 
of meridian observations of Jupiter, including ' 
Among the observers discussed ii 



ir three 



of which 
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Alia observiitii) ope Imagiuis © a lilio. Tn Tabulam divism 



38 35 



3j 
4 
4S 

S 



■■5 33 


30 


^8 47 fill. 




division recepta 


post Telescopium. 


9 25 26 


JO^ 


29 7 


10 


32 15 


94 


35 16 


9 


38 40 


H 


41 47 


8 


44 30 


7i 


47 48 


7 


5° 52 


6^ 



■8 S3 



z8 45 flnis. 



Diameter © ope mieronietn 31' 4s".f Tempore observatioois horologium musei acceleriibat 
supra vcrum tempii« 16". Igitnr aut'ereudnui 16" obaervationibus horologii Miiwaoj. 

II fiiut ajout^T s" a tootes les obser rations c.y ilesaus pour ie^ rer! iiire an teiiiiis vray. 

This is followed by a third tai>ii', begi lining witli Initium 8 iz ,16, and ending with linis 10 28 
47, bnf. withont any explanation whatever exw,|it " Obseryationes Hmitatae ex meis sed euin 5" pro 
lietectii horologii". The times of the digits are, however, evidently sniootbed off, on the curve piiii- 
eiple, for they could never have been observed so nicely. 1 therefore regard them as worthless. 

The fourth and fifth tables are as follows : — 
laitiam. 



52 45 



7i 



48 : 



17 39 


I 


55 41 


8 


51 21 


64 


2o IS 


14 


9 8 c 


:o 


54 u 


6 


22 51 




" 15 


loj 


56 56 


5^ 


25 zy 


4 


14 38 


II 


59 46 


5 


28 7 


3 


19 4 


II 


10 2 48 


44 


30 45 


3J 


25 37 


'4 


6 


4 


33 24 


4 


29 I 


10 


9 10 


3i 


36 s 


4i 


32 23 


9^- 




3 


3846 


5 


35 43 


9 


17 43 


2 


41 29 


54 


38 59 


^ 


22 46 


I 


44 13 


6 


42 II 


8 


28 56 flnis 





II faut retraneher ^ toutes cea observations 6". 

[Aftir writing this, I tind that tliis may not be the original journal of La Hire, :iiid that, ilie 
doubtful tables are not found in the original jouniai. The latter 1 did nut discover till later.] 



* 41 or 42 ; nol legible. 
t Thisbeing6"lessihan ihereai semidiai 
19 75 Al'. 2 



n the scale of the n 
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Fifth taUe. 



23 "J 




9 7 17 


10 






53 


5^ 




6 


S3 2 




1° 5 


i^i 






56 


54 




s3 


19 aj 




14 38 


II 






10 


14 




5 


7 3 




19 4 


II 






3 


1 




4i 


3^ 




25 37 


loj 






6 


II 




4 


38 4 




29 18 


10 






9 


3 




3i 


28 4j 




32 .6 


9^ 






12 






3 


46 5 




35 27 


9 






17 


39 




2 


H 53 




3851 


8J 






Z2 


41 




1 


23 6 




41 58 


8 






28 


56 flu 


8. 




>4 7 




44 41 


7J 














jliination whatever. 






















^wm'« Transits, 


ete. 














I "120 


43 










Sup. lii 


ilj. 






2 120 


^3i 




Ma,y 


9- 


Alt. 


© pro horolog. 


mane. 


3 12 


S« 


7 


17 


6 


26 


1 40 33 1 " 


5836 


4 II 59 


48 




20 


9 1 


26 30 


1 4 37 2 


9 III 


58 


353 



9 II 58 26. Ma.y 3 Tr. cent. pro. Meriil. veri temporis 12 o 14. 

Correction 27" aufereiida a tempore seratiuo. Addenda igitur 10" tempori transitus centri 
proquaclrantem muralem iu altitudinem centro 58 26. 

The difficulty respecting the duplicate records is cleared up by a compari- 
son with La Hire's observations as printed in the "Memoires^' of the" Academy for 
1715. The first two tables are the records of the original observations theriiselves, 
which have been entirely suppressed in publication. The fourth table gives the 
"cooked" results of the second set of observations "par Fitnage du soleil", as printed 
in the Memoirs, and there is little doubt that the third set, which I did not copy, is the 
same as the first pubHshed set "avec le micrometre". The ongin of the fifth table 
does not seem worth investigating. 

The results for clock-eiTOr are as follows ; — 



Dale. 


Clock-lime of 


Mean Time. 


Clock-cor- 
tection. 




^ m s 


i m J 


m , 


M.y I 


4S.g 


23 56 5'-g 


- 3 57.0 


2 


29.8 


56 44.0 


- 3 45. S 


3 


12.5 


56 36.7 


- 3 35.8 


■* 


23 50 55-1 


56 30.0 


- 3 25. I 



The eiTOr of the clock with which the transits of the sun were observed may be 
supposed — 3" 37' during the eclipse. This clock, however, was not that with which 
the eclipse was observed: respecting the latter, we have only the statement that it was 
2 1 seconds slower. The con-ection of the clock actually used was therefore 
-3" 1 61 
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1715, 25 Jitly. Mane. Occult. U a ^. 
Immci'sio liiubi prions U in partem lunae lucidaiii .... 

limbi posterioris U 

liiiiibuB prions y et transit immersioiiis 

posterioris 

July 22. centre transit . . .' . . n 59 58^ 

23- 59 4°^' 

24. « iiinl), post 6 20 16 

Veri tempore, Qua. mur. . 6 20 34 [i. e., lie adds 18' for clocli-cor- 
per meiid. . 6 20 38 rection and 4" for error of 
quadrant.] 

U tr. ccntri 78 loj 

true time 29 

per meridian 39 [So lie considers the corree- 



© tr. centri 
per meridian 



■ 59 2si 

■ 59 37i [Correction 12", it s 



July 25. centre tr. . . .'. . . 11 59 74 

per meridian n 59 19 

I find no further data for tlie correction of the quadra 
l>oni the transits of tho sun we have : — 



Date. 


G's Dec. 


Corr. 


Clock-time of 

Transit over 
True Meridian. 


Mean Tirr.e of 
Transit. 


Clock-or- 
recl!on. 


Hourly 
Rate. 


July 22 
23 

24 
25 


+ 20. 3 
iy.9 


+ 13-4 
12. S 


A m .< 
II. g 
■I 59 53.8 

U 5g 38-" 

II 59 19.7 


A m s 
5 47-9 
5 50.1 

5 53-2 

5 53.6 


-H 5 36.0 
+ 5 56.3 
+6 14,2 
+ 6 33-9 


0.84 
0-75 

0.82 



Interpolating between the transits of the sun on July 24 anii 25, we find, for the 
times of the four contacts : — 

(t) (2) (3) (4) 

Clock-corrections +6'" 25^.3 +6'" 25^.3 +6" 25^8 +6 25^8 

Paris mean times i'' 38™ 0".$ 1^ 39™ I6^3 2'' 23"" 46".8 2'' 25"' 2^8 

Greenwich mean times i*" 28™ 39''.3 i'' 29'" 55'.3 2^ 14"' 25'.8 2^ 15'" 4i".7. 
.718, aept. 9. 
8 43 34 I'lniniersioTi d'line ptitite etoile par le corps de la lune. 
Sept. s tr. II s^ Sli 12 i 7 13 t> 24 

8 57 32^ 59 40-J 58 36^ 

■° S*' 35^ 58 43J 57 39J- 

The clock-corrections from the transits of the sun are :— 



Date. 


0's Dec. 


Corr. 


Clock-time of 
Transit over 
True MendiaD. 


Mean Time of 
Transit. 


ClOCk-COr- 


Hourly 
Rate. 




T718. 
Sept. 5 

S 


+ a.s 

5-7 
4., 


- 3-3 
4.9 


/i m s 

12 39 58.9 

58 32.3 

57 34. fi 


23 58 30.2 
57 30-8 
56 50.2 


- i 1.5 


0,36 
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We lience obtain : — 

Clock-coiTectiou for the time of immersion ... — 49^9 

Paris mean time, September 9 S^ 42" 44^1 

Greenwich mesm time 8'' ^f^ 23^I. 

The star is B. A. C. 8184. 

Series IJI. 

Ohservaiwm by Delisle at or near the Luxemhiirg. 

Volume 113. MS. So. 1012. Observations Astronomique.s, faites an Luxembourg par l)e I'lsle. 
(About 750 toises north of tbe Observatory.) 

1713, Novembre 30, © on gnomon ^^ 59 57Jt 

Bee. T. " " " 00 24^ 

Oeeultation of r Tauri (5f.l1 mag.), 2 Dec, raatin . o 9 19 eloek; o fS 39I t. vr. 

Bee. 3. on gnomon 01 23| 

4- " " " o I 54 

1713, Jinio ai. Error of gnomon per equnl altitudes less than i=, 

1714, Jan. 26, Morning alt. 8" 49™ o' = evening alt. 3" 12" 47^ 

Mean of this ami 8 otLers gives transit of = 00 41.2 

(Tlie correction for change of Aw. being —13'.) 
on gnomon 00 40I 



From tlie observations on January 26, 1714, the correetion of tbe gnomon is 
about +o^4. This correction may be considered as appKcable to tbe transits of 
December 1 and .3 previous. We thus have : — 

1713, »>^o, I, 

Clock-times of O's transit .... o'' o™ 2419 

Mean times — 10'" 27^0 

Clock-corrections —10™ 5119 

Clock-time of occultation of r Tauri, Dec. i . , . . 

Clock-correction 

Paris mean time 

Greenwich mean time 

1714, Mar 20. Imm. of H< E of 6th mag ... g 6 50 clock. 9 8 21 t. v 

The slai passed only 4' within the moon's soiitheni limb. 

1714, Mar2i. Inini. of 'I Tauri, 6tb mag. . . 10 15 54^ dock. 10 18 9^; t. ' 
Cette immersiou a 6te observ^e k I'observatoire a 10 r8 9 t. vray. 

Mar 17. (111 meridian per equal altitudes (6 in namber) . . 00 45-J 1 

•■ " " gnomon 0044^!) 



171,1, 


Dm. 1 




1 Jj„ 


23" 


'.2 


■ 9" 

■ 11" 


39" 
3' 


■9 
.r. 


9" 


19' 




■lO"' 


54" 


■7 


58" 


24- 


■3 


49" 


3" 


■3- 



Ah 

58 45 

454 



" " meridian per 10 eqnal altitude;^ .... 

" Linjb on gnomon n 59 8 

Transit of semidianieter from other dava , . . 



"Le peadnle a retardi de 23" dn !e 20 an 21 siir le moieii niouvo. n 58 3 
da Soieil." 
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Applying +o^7 for correction of gnomon, we liave tlie following clock-correc- 
tions from transits of tlie sun : — 



Dale. 


Ciock-ticne of 

Transil of 
over True 

Meridian. 


Mean Time of 
Transit. 


Clock-cor- 
reclion. 


1 71 4. 

Mar. 17 

18 


h m ' s 
45.2 
5.2 
II 58 45.4 

II 58 3.7 

ri 57 22.2 


h m s 

7 4>-^ 
7 28.4 


+ 7 56.0 
+' 3 1S.2 
+ g 1.4 

+ 9 24.7 

+ 47.6 



The clock-rate seems verj ^ood for this epoch. Interpolating the clock-corroe- 



tions to the times of the occultations, we have :— 



Clock -times of ocoultation 
Clock-corrections 
Paris mean times 
Greenwich mean times . 



1 714, Mar. 20, ^B. 

+ 9"" IOl2 
9'' 16" 0°.2 
9^ 6" iq\2 



1714, Mar. 21, oTauri. 

10" IS"- 54^5 

jqL 2J™ 28^9 

10'' 16™ 7^9. 



I have not certainly identified * B, but it is near B. A. C. 1373. 

1714, April 7, Matin. Imm. of f Sagittarii [bright limb). . . . 3 20 48 eioek. 3 24 22J t. vr. 
(Suddenly to the ^ second), Emersiou (dark limb). 434 if clock. 437 38 t. vr. 

II y iivoit deja qnelques seconds que I'etoile avoit touchy le bord eclair6 de la lurie & elhi 
liiiraissoit se meler avec I'oudulatioa qui se faisoit tout autour du bord eclair^. 

(I'ag<;7s.) He adds that at the Observatory the observed times were, Immersion 3 24 19; Emer- 
sion 4 37 25. He is surprised at the differences of 1% and 13% and enters into a long aceouut of his 
grounds for believing that the error is not on liis side, the only weak point being the want of a 
clock-error between the 5th and 8th. He considers it possible, however, that he may have forgotten 
to subtract the 10= which he counted between the moment of emersion and that of noting the clock- 
time; if so, bis time should be 4 37 28. 

Apr, 5. © on gnomon, 11 57 32J 

8. " " " II 55 30 

9, •• " " II 54 50 
10. " " " II 54 6 



Applying -|-o^5 for gnomon, we have: — 

1714. April 5. 

Clock-times of 0's transit . . II''5 7"'33^o 

Mean times o'' 2"' 48^7 

Clock-corrections +5"" 15^.7 

Occultation of H Sagittarii, April 6 : — 

Clock-times of observation . 15'' 20"' 48"* 

Clock-corrections +5'° 53^-6 

Paris mean times I5''26"4I^6 

Grreenwich mean times . . . 15'' 77"" 20^6 J;:: 2^ 



1714, A 


riI8 




11" 55" 


30' 


5 


0'' I-'" 


55 


6 


4-6- 


'5 


T. 


Ei..evs 
16' 34" 


on. 


S 


+ 5" 


54 


8 


16' 39" 


56 


3 


16^ 30 


35 


3±2"- 
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These times agree so well with those noted at the Observatory (see post) tliat 
his opinion of a diiFerence of ten seconds seems to be erroneous. 

1714. Sept. 27 {11. 101), Soir Emersion of Tanri (stii mag.), dark limb, 9 18 42 el. 9 19 8| t vr. 
Ott. 3. Mrttin Era. ofM (!)Scorpii, very exact, darklimb, 2 58 14 el. 2589 t. vr. 

II 58 7 La penduie a 6t4 avanc(5o de z minutes. 

" 59 4Ci 
o o 19 La pend. a ^te avanci^e i minute. 

- I 3i 
o o 38 

- I Zl 

II 59 16J Petid. avanee6 i minute. 
II 59 58J 
II 59 4oM-) Le fll ii'etoit pas trop bieu placfi aupres 

(ill pied du style. 
II 58 31 La pend. araiic^e 2 iiiiuutes. 



Sept. 19. O on guortiou 
22. Second limb 

24. Second limb 

25. Oeiit. . . . 

26 

27 

Oct. I. . . . . . 



3 " 59 59^ 

5 II 59 3°i 

It cauuot bo inferred from LLe sttiteraents whether the clock was put forward before or after 
the transits of tbe sun. 

Applying no correction to the gnomon, wliJcli seems to liave been adjusted with 
great care, wo luwe the following results for clock- con-ection : — 



Hate. 


Clock-time of 
©'s Transit, 


M 


an Time, 


Clo 


ck-cor- 
otion. 


1714 


// m s 


A 


m . 






Sepl. 26 


II 59 58.5 




51 ig-9 


- 


33.6 


Sept. 27 


" 59 40.5 




51 0,0 


- 


40.5 


OC. I 


II 58 31,0 




49 ^2.4 


~ 


48.6 


Oct, 2 


14 5 




49 23-8 


-1 


50.7 


Oci. 3 


" 59 5q-5 




49 S.4 


-I 


54.1 



We hence deduce :— - 

u»TH,iiri, 

Clock-times of emersion, 17 14, Sept. 27, 9'' 18'" 42^. Oct. 2, 

Clock-corrections — 8"'4I^3. 

Paris mean times g"" ro™ 017. 

Greenwich mean times 9'' o"'39^7. 

The designation of the second star is clearly a mistake. 



14" sS" I4^ 
-Io™52^7. 
I4'■47™2l^3. 
14" 38" o\3. 



1715, May 3, Matin. Begin 
Eiid 



ing- of Eclipse 



12 57 clock ==8 12 35 t. vr. 
28 o =8 28 38 

But owing to the intervention of clouds, In; is not sure but Lhiit tite latter looraent is some 
seconds too early, 

La i)eudnle a ete arretfi. 

Centre. 
May I. o L limb on gnomon n 58 453 + i 6 



Centre 



: 59 35 
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Juuc 28. He does not give the docli-Limes of the oceultatioii of Yemis, but only the t. vr. 
I 30 19 and 2 37 17, as already iiriuted. 

"Jo auis sorti do Luxembourg a, la tin dii mois de Septembre 1715 iiar ordre de Madanio la 
Duuliesse de Berry." 

^ The observations of the eclipse on May 2 do wot admit of an accurate reduction, 
owing to the stopping of the clock. Delisle's reduction may therefore be accepted. 
The equation of time being- — 3"" 22^ the times are : — 

Beginning of eclipse 8^ 9™ 13^ Paris mean time. 

9'' 59™ 53'' Greenwich mean time. 

End of eclipse 8" 25"" 16^ Paris mean time. 

The next observations are made at the Hotel de Tarranne, about i ' north of the 
Observatory, and about 0^7 west, so that the longitude east of Greenwich may be 
supposed 9'" 20^3. 

Volume 114, Ko. 1023, 
Page 90. — OeeuUatioQ of Aldebaran.i;!?, Sept. 25, soir. 

"Le bord de )a liuie 6tait dentet^ k cause de sa proximity A I'Lorizou & Aldeb. toiicha cette 
denteture a 9 12 15 de la peudule, an quel terns je ne le pus plus distinguer. Le terns vrai est A 
9 " 38-" 

Emersion, dans un instauc 10 4 34^^, Pend. = 10 3 57, 

Supt. 25. Alt. Lower L. 

Midy vray. 
731 27 16O35' 413 114C36 ] 

3340 16 55 35854 38 I 

^ 35 SI .7 IS 5641 37 j* '^"^■'^''^^4637.- 

38 2 17 35 54 31 37^' \ 

La peadnle a 6t4 avauc^e de 14'. 
Sept. 26. Alt. 12 obs. The first aud last are:— 

7 47 23 163s 413 8 0036.VI , 

8 II 53 20 15 3 48 44 00 39^ i ^^^'" "f i^. ° ° 38J ; ^'noinon o o 23. 
The clock-corrections are derived as follows : — 

^, , , . , 1717, Sept. 25. 17,7, Sept. 25. 

OlocJc-times 01 s transit o'' o"" 37'.2 o'' o"' ^S'.i 

Mean times 



23' 51™ 34^6 23'' 51"' 14^6 

Occultation of orTauri:— ^ ^' ~~9 23.7. 

Clock-times 9i'"i2'-"T5' 10^'"' 4''■"34^5 

Clock-corrections __QinjQ»_ _gi"jj3c 

Paris mean times, September 25 ... 9^' 3^" 4^.3 0'' SS" 2^*0 
Greenwich mean times ....'.. 8'' 53™ 44^o 9'' 46'" 2^7. 

But the inunersion may be observed a little early. 

1718, Jan. 16. i^ 27' 14". Immersion of A Geiiiinornm {15*1.6, | thinl!). 

Jan. 16. Tr. of sun per. corresp. altitudes (uncorr.) 04 13.8 

Mean interval, 6*- 13"" corr /^ 

Gnomon o^' 4' i".o = * 0A28 

Jau. II. *:^o 7 I et 8' a et6 retrancli^. 
Jan. 12. II 59 57 

i6- o 4 i.o la pendule a etf5 retarde de 4'. 

18. o 229.S 
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Adding i^ for gnomon, taking the time of transit for Janiiary- \6 from the corre- 
sponding altitudes (true correction — 1 1^6), and reducing the artificial changes in the 
clock to it» state on Jitnuary 15, we have :■ — 



Date. 


©■sTiansit 
per Clock. 


Mean Time of 
Transit. 


Cloek-cor- 


Hourly 
Rale, 


1718. 
Jan. II 

16 


A m _ i 
n S9 2.0 
n 59 5S.0 


k m s. 

8 33,3 

S 56,6 

10 23.7 


4- 9 31-3 
a 53. 6 
6 21.5 

+ 4 32.6 


- I.3fi 

- 1.64 

- 2.27 



Interpolating the clock-corroction to the time of observation, we have; — 
Clock-time of immersion of A Gominorum, 1718, Jan. 15 . . . 13'' 27"' 14^ 

Clock-correction +6'" 41*' 

Pai-is mean time . . 13'' t,t,'" 55* 

Grreenwich mean time ' . . . 13'' 24™ 34\7 zb 2^ 

Page 127. — 1718, Vvh, 9. Soir. Iriim. Aldebaraii* 6 19 44^6 16 48 t. vr,, or 6 16 531 
wliicli lie thinks is more exaut, liecauso deriveil from transits of stars as well aa ©. Afterward he 
finds that 6 16 48 is after all the most probable time from tlie mean of all methods. The probable 
error does not seem to be ho inucb as 2* 

Feb. 6. © on gnomou o 8 41 Pend. ret. 9 rain. 

Clock has gained 5' since Feb. i, about 1' iier daj. 

Feb. JO. on gnomon o 3 39 

The correction to gnomon is + 0^7. 

Accepting Delisle's reduction, the equation of time being -f- 14"" 4714, we have; — 
Paris mean time of occultation of Aldebaraii, 1718, Feb. 9 . . 6'' 31"' 35'*.4 
Greenwich mean time . 6'' 22'" I5^I ±2'. 

Page 133.—" Leouls, Feb. 14, soir, I'etoile a paru toucher dans son immersion In, partie eclair^e. 
J'ai cess6 de I'apeicevoir a 6 52 39 de la pendule. 

Feb. 14. on gnomon, o 7 43. 
15. o 8 43. 

It seems doubtful whether the immersion of o Leonis is worth using. The real 



occultation was probably not seen. There is room for suspecting a 
rection to the gnomon. 

1718, Sept. 9. 
8^' 44' 49" Une etoile so cache sous le bord de la lane. 

46 



Nov. 8.— 12 (^or 

Mean int. . . . 
tJiicorr. mean . 

Corr 

Aug. 19. Mean int. 
Mean of 9 corr. alts. 
Correction , . . 



1 the c 









8 45 


35 


Aug, 19. 


© 


tr. 


0- o'45" 




Sopt. s. 
7- 






II 58 III 
58 ,24 




8. 






SS 9 




10. 






58 I, 




Hov. 8. 






3 8t 





.lilts. 0. 



,61 



* This same occultation DeLisi.e says was observed at Toulon, "dans le Semenaire Royal de!a Marine," by Le P. Laval, 
Iinm. 6 40 27, Em. 7 47 40, Dur. i 7 13 ; the dock being corrected by different corresponding heights of the sun on the glh 
and lOth. 

t Somewhat doubtful, from being obliged to use a watch in counting (he seconds. 
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The results for clock-eiTor are derived ilms:— - 

















Date. 


©'s Tra 


sit. 








Rale. 


1718. 


h nt 




,„ 




m s 


Sept. 5 


II sg 


3.5 5S 


30.3 


- 52.2 


+ 11.72 






7.3 57 


50- 7 


I 26.6 


+ 0.67 


S 




3.5 57 


30.8 


1 42-7 


+ o.8g 






5.5 56 


50,2 


- 2 Z5-3 





We have : — 

Aug. 19. Correction of equal altitudes +^1 

True transit o" i™ 53 



Gnomon 

Correction 

Correction of equal altitudes 

True transit 

Gnomon 

Correction 



I- 50' 
+ 2^ 

+ 15'- 

4™ I4^ 



I have used +o'.5- 

We then have, for tlie time of oceultation : — 

Cloct-time, 1 718, September 9 8'' 44'" 49^ 

Clock-correction — 2'" 11 18 

Paris mean time S*" 42'" 37^2 

Greenwich mean time S"" 33"^ I6^9 ^ 2l 

I'sigu 245. — 1719, Apr. 22, soir. Jmra. Aldeb. dark limb, 7 44 44 clock = 7 44 32 t. vr. 

Em. " ■ bright " S 34 24 =8 34 14 

Diuis cette observation I'etoile o'etoit point encore rtetach^e du bord eclair^ de liv liiiie. 
Apr. 22. Tnie doow per 13 pairs equal altitudea o o 31,7 

© on gnomon 00 32.5 

2i- " " " "59 3'-S 

The results of the observations are : — 

Apr. 22. Apr. 23. 

Clock-times of sun's transit o'' o'" 31^7 11'' 59"' 3017 

Mean times 25'' 58"" 25^8 23'' 58™ 13^4 

Clock -corrections — 2'" 5^.9 — i"* 17^3- 

OccuUation of Aldebaran. 



Clock-times of phase, 1719, Apri! 2 2 

Clock-corrections 

Paris mean times 

Greenwich mean times .... 
20 75 Ap. 2 



Immeisiou. 


liiuorsion. 


7" 44" 44" 


S" 34- 24'. 


— I" 5o",2 


— I" 48'.6 


7" 42" 53'.8 


8" 32" 35'4 


7'' 33" 33"-5 


8' 23- 15-., 
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154 RESKARCHES ON THE MOTION OF THE MOON, 

PiiHc 249.-1719, Aug, 21. Iiiim. J- Librae, very exact, 7 4.1 31 cl. = 7 40 12 t, vr. 
Eqiiiil altitudes ot ©'a lower limb (?). 

Aiijj. 21. Aiifj- 22- Meau Aug. 22.0 , . o t8 40 

Alt, A, M. r. M. A. M. {Jorr +19 

11O45' 63142^' 6 528^ 61643 

13 45 44 o^ 5 53 13 28 58^ □ jg jg 

M 15 47 3 50 3 52 ^ Subtr 19 o 

2o 25 7 2447 12 3? 

^° 45 26 4.7 1032 71147^ Aug. 22.0 .. - .. 115959 

^^ -> ^8 J4 827 1352 Aug. 22.5.Moa.nof'last 2, o 140 

Correct 23 



Olork put back 19 miiintrs between Aug. 21,'|), m., and Aug. 22, a. m. 
Owing to douda and fog-, DEiisLE rejects tbe three top liueis altogether. 

Delislk's correction for midnight seems all wrong. The corrections for noon and 
midnight are +i8'.6 and —2f./^ respectively, whence we obtain: — 

1719, Aug, 21.0. 1719, Aug. 21.5. 

Clock-times of sun's transit, corrected for changeof 19"" 23'' 59™ 58^4 12'' !"■ I2^2 

Mean times o'' 2'" 51^2 12" s"" 44'.! 

Clock-coiTections -|- 2™ 52^8 + i"' 3I^Q 

Clock-time of immersion of J- Librje, 1719, August 21 . 7''4r"3i'. 
Clock-correction +2'" i*.i 



Paris mean time 



7" 43'" 32^1 



Greenwich mean time 7^ 34° II^8, 

The dates Aug. 22.0 and Aug. 22.5 in my manuscript, and as printed above with- 
out change, are, without serious doubt, one day in error. The computation is, how- 
ever, that of Delisle, and it is evident that he has deduced his " Temps vray" from 
tlie erroneous deduction of the clock-time of midnight. 

P.ige 259. —1719, Oct. 30 [1] Immersion of Aldebaran (inst.) 8 56 34 clock — 9 2 54 t. vr. 
Emersion, dark limb. ... 9 53 3^ = 9 59 39^ 















Oct. 39. 


Equal alt. ©. 




Oct. 30. 


12 altitudes very 


ccordaut. 


27 27 


3 13 45 


7" 


47' 12" 


jO 25' 


4" i' 14" 


30 


TI 9 










32 38 


8 32 










35 "^ 


5 49 










38 3i 


3 5 


8 


13 56 


" 5 


3 34 39 


40 46 


24 










Mean noon Oct. 29 . . . 


. . I 


50 35 


Mean of 12 . . . 










18^ 


Correction . . . 


+ ^9-5 


Oorrectet 


....... 


J 


5° 53* 
6 




I' 54 32.5 


Olock ad 


anced .... 
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RESEARCHES ON THE MOTION OF THE MOON. 155 

The corrections for motion of sun in declination I find to be -{- 1 8'.6 and + 1 9^o. 
Tlic reduction of tlie obsei^vations therefore stands: — 

1719, Oct. 29. i;i9i Oct. 30. 

Clock-times of ti-ansit of . . . . 1 1^ 56'" 5316 11'' 54'" 3i*.9 

Mean times ii'' 43" 58^o 11^' 43"' 54^8 

Clock-corrections . — 12" 55'.6 — 10'" 37^1. 

The clock-correction must now be caiTied forwai'd eight hours with the rate 
deiived from the observations of the two days. 

OccuUation of Aldeharan. 

ImmereioL. Enurawu. 

Clock-times of phase, 1719, Oct. 30 . 8'' 56'" 34'. 9'' 53"' 3^5 

Clock-corrections — 9" 44*9 — 9™ 39^4 

Paris mean times . . S*" 46"' ^cf.i 9'' 43"' 24".! 

Greenwich mean limes S*" 37'" 28^8 zb3' 9'' 34'" 3^8 iii3''> 

These times are i" greater than those obtained by correcting Delisle's result 
for the equation of time, — 16"' 6^ The difference arises from the change of o'.5 in 
the correction for noon on October 30, 

Totiil eclipse ol ©, 1724, May 22.8 (?), 21! p^rt of page 95. At the KoyHl Observatory, 
whither Le bad transported his iustnimeiits. 

J'ay (Muirneiic6 k I'iipercevoir k ^ 53' 24" Oe ma peudule, maiis le vray com meu cement a |ieo 
arrivcr uo pea plustot, parceqao jis ue regardois pus dans ce terns la precisemeiit k I'eiidroit on la 
lane est entree, et qiieje iie m'eu siiis apercu quelorsqn'elleoccupQit une iietite iwrtion deqnelqties 
defireis du liord dii soleil. Le teiiis vray est ^ 5 55 18 d'ou je erois pouvoir mettre le commence- 
ment a s 55 o. Lii Totality lo'a paru se faire k 6" 46 55 peud = 6 4S 54 r. vr. Le recouvremeiit 
de lamiere m'a iiussi paru se t'aire 6 49 13 =6. 51 iz, ainsi I'obscuiite a diufi 2' 18". 

May 21. Oassini's clock at app. noon n 57 o from 16 equal alls, Jle afterward put the 
clock forward 3'. Allowing for this, tlie sun passed the mural quiidrant as follows : — 

May 21 II 59 5^ 

22 II 59 ^i 

24 n 59 48 

Oompiirisou of clocks, May 22, evening. 
JJet.isle 3 18 27 19 27 S3 16^ 4 i6^ 7 " 4 i^ ih 

UaSSIPJI 20 o 21 o 50 60 13 o 14 o 

Diff. I 33 I 33 1 43i I 43-i i 5^ i S^-li 

I have not yet reduced and discussed these observations. 
1725, Feb. 19.5. Imm. of Tauri, extiist ilark lim'i, o'' 14' 24" = o'' ri' 18" t. vr. 
Corrections of Gnomou. 'LVausits of ovei Gnomon. 

Jan. 8 o.o Feb. 17 o a 4J 

Sept. 13 +2.7 19 o 2 52.7 

20 —0,7 2o 03 19.1 

Assuming the gnomon to be correct, tlie reduction stands: — 

Feb. 19. Feb. iO. 

Clock-times of transit o'' 2"" 52^7 o'' 3"' [9^I 

Mean times o'' 14'" 18^.7 o'' i^"" i2''.o 

Clock-corrections +11'" 26lo +10"' 52^9. 
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Immersion of A^ Taiiri, clock-time, 1725, Feb. 1 

Ciock-coiTection 

Paxis mean time 

Greenwich mean time 



24". 

9^2 
I2^9. 



Series IV. 



Tliis is perhaps to some extent a continiiation of Series I., by the Cassinis and 
iMaraldis. I have not attempted to identify the individual observers. The system 
of observation was the same as before, the transits of the sun being regularly observed 
with the mnral quadrant, and the true times of transit occasionally determined by 
corresponding altitudes, and the correction of the quadrant thence determined. I have 
re-reduced all these observations that I could find. There is, however, a hiatus extend- 
ing from 1 728 to 1 756, within which an entirely independent derivation of clock-errors 
does not seem possible. Thus, curious though it may seem, the place of the moon is 
much better determined during the first quarter of the last century than during the 
second. 

The computation of the correction of tlie quadrant from the sots of equal alti- 
tudes is shown in the following table, which does not seem to need any special ex- 
planation. 

Investigation of Corrections to the Paris Quadrant, 1 706-1758. 



Clock-time of 

Mean of 

Corresponding 

Allitudes. 



Aug. I 
Sept. ig 
Dgc. 5 
7, April 4 
June m 
Sepi. 6 



23 59 

.33 s; 



23 50 26 . 2 
23 55 32. a 
23 53 3.7 



July 22 


23 56 56.7 


Sept. 13 


! 23 53 51.3 



May 26 \ 


1 32.1 


July 26 : 


13.3 


Sept. 16 


23 5& 44-5 


Nov. 3 


23 59 57.9 



I Clock-time of Ciock-ti 
] Transit over Transit 
1 Meridian. Quadr 



+ 57.3 - 16.5 



•tS.i 


- 


7.8 




29.7 


+ 


7.0 


57-5 
20.3 


+ 


8,1 


57-8 


+ 




59.2 


- 


18,7 


5g.3 


~ 


19.2 


26,4 


_ 


S.o 




32-7 


-h 


7-5 




57.9 
47.2 


+ 


7-3 
7-4 
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InmsHgalion of Cormlims Ic th, Pans Qmdmn l, ,,o6-.7s8-Contmued. 




" It will' be^^seen tliatlhe series of occultations which we use begins nine months 
before the first detei-minatlon of the error of the quadrant, and that, i;™? *« 
interval, the observers used a correction for deviation much smaller than that found 
from and after 1706, May 14. There is no way of determining whether there real y 
was a change, or of deciding how the value actually used was obtamed. I am strongly 
inclined to suspect that the value actually nsed wa^ the result of some old determma- 
tion which was found to be eiT<*neous when eqnal altitudes began to be regularly 
observed, and that the new vahre should be used from the begimiing of the series. 
What has been done is to make the reductions on each hypothesis m order that the 
results might be compared. . . , 

The deviations of the quadrant resulting from the observations vary with the 
time and the declination in a manner which does not seem reducible to any exact law. 
I have therefore, in determining clock-corrections from the several transits, tried to 
execute a sort of double interpolation of flie quadrant-error from observations each 
side of the date in time and each side of the declination in altitude. The corrections 
thus deduced are shown in the following table of individual clock-con-ections. ^ 

Instead of discussing each clock-correction separately, as in the former series of 
observations, I have h, this series, owing to the uniformity of the processOB, collected 
all the individual results into a single table. Generally at least one determination ,s 
made on each side of the time of observing the occultation and the correction for the 
timeof observation is obtained by a simple interpolation. The tAle is as follows and 
scarcely seems to need explanation. It may be remarked that the column Mean 
Time" gives tlie mean tabular timeof ti-ansit of the sun over the true meridian, and is 
simply the equation of time, subtracted fi-om 24' o" o> when negative 

The clock of which the corrections are here given was the "pendule s 
most of the occultations were actually observed with another clock, de „ 
"pendule inf«eure", which was compared with the other soon after the occultation. 
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Computation of Clock-corrections from Transits of the Sun obsenied at the Paris Observatory. 



Dale. 


Clook-time of 
Transit over 
Quadrant. 


! ■ 

Correc- 


Transit ove 
True Morid 


■Mea 


iiTime 


Apparent 

Clock-cor- 

reclion. 




h m J 




m s 


^ 


J 


m s 


1705, Aug. 3 


Z3 53 4<).5 


- I3(?) 


58 36. S 


5 


32 


-t- 6 56 


J 4 
6 


2 S.5 
58 8.2 


:" 


59 52 
57 55 


s 




+ 7 32 


Sept. 2 


23 56 33 


- 21(?) 


56 T2 


59 


24 


+ 3 12 


" 


55 23 




55 2 


58 


46 


+ 3 44 


1706, Jan. 21 


23 59 45 


- >7(?) 


59 28 




57 


4- 12 29 


24 
27 


59 18 

58 38 




59 I 
S8 21 


!3 


43 

23 


13 42 


23 


58 28 




58 11 


13 


34 


+ 15 23 


Apt. 21 


23 57 fi 
56 37 


- If>(?) 


56 50 
56 21 


58 
58 


36 


+ I 46 

+ 22 


May 24 
26 


23 ;6 40 
56 2 


- 31 


56 9 

55 31 


56 


24 


+ 04 
+ 53 ■ 


Nov. 16 


23 59 52 


- 35 


55 17 


45 




- 14 ro 


1 -9 


59 26 




58 51 


45 


45 


- 13 6 


1707. Apr. 4 






SO 9-7 


3 


12.4 


+ ■13 2.7 


5 


23 50 1.5 


- 36.5 


49 25.0 


^ 


54 


+ 13 29 


Sept. 3 


23 55 7 


- 3^ 


54 31 


59 


15 


+ 4 44 


5 


53 44 




53 8 


5S 


3fi 


+ 5 25 


1708, Feb. 23 


23 57 26.5 


- 35.0 


i(' 51-5 


13 


57.2 


+ 17 5.7 


24 






56 3.9 


13 


48.4 


+ '7 39.5 


Sept. 5 


23 5C1 26.5 
54 31.5 


-37.0 


55 49.5 

53 54.5 


58 
57 


21.5 


+ 3 32 

+ 3 47 


17U9. Apr. 20 


23 54 27 

53 50 


- 36 


53 51 

53 14 


58 
53 


46 

3^2 


+ 4 55 
+ 5 18 


Sept. 13 


23 52 17.5 


- 35 


51 42 


55 


44.1 


+ 42 


'4 
'5 


51 23.0 
50 26.0 
49 3i.5 




50 48 
49 51 
48 sfi.s 


55 
54 


23.4 
2.5 
41.7 


4 35 

5 II 
5 45 


E 16 
23 


10 25 5 

23 59 32 

56 SCI 




24 30 

58 57 
56 15 


30 

53 
52 


:: 


+ 6 3 

- 5 39 

- 3 58 


1710, Dec. 4 






52 25 


50 


3S.5 


- " 46.5 


5 


23 52 59 


- 3fi 


52 23 


51 


3.4 


- . .9.6 


i7ii,Sepl.29 


23 55 21 


- 37 


54 44 


50 


2f> 


- 4 18 


D 30.f> 


14 54 23 


. . , 


53 46 


50 


14 


3 32 


Oct. 2 


53 0.5 


■ ^ 


52 23 


49 


29 


- 2 54 
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RESEARCHES ON THE MOTION OF THE MOON. 
Computation of Clock-corrections, etc. — Continued. 



Date. 


Clock-time of 
Transit over 
Quadrant. 


^°:r 


Transit over 
True Merid. 


Mea 


n Time. 


Apparent 
Clt)ck-cor- 




h m s 


s 




J 


m 


J 


m s 


1712, May 15 


■■■■ 37 


- 33 




3T 

4 


55 


52 

54 


- 5 39 

- 6 10 


1714, Mar. 21 


23 57 16 

57 5 


- 39 


S6 
56 


"37 
26 


7 


28 


■+ 10 51 
+ to 44 


Apr. 6 


38 


- 39 


59 


59 


2 


31 


+ 2 32 


^ 


u 




59 


32 


» 


5& 


+ 2 24 


i7i5,J'.ly 21 


45 
43 


- 3S 


° 


10 


5 
5 


43 


+ S 37 
+ 5 38 


Aug. 9 
16 


7 

23 58 57 


- 4D 


59 
59 

58 


36 


5 
4 
3 


56 

56 


+ 5 28 

5 29 

+ 5 39 


OcL, 7 


23 5S 18.5 

58 34- S 


-3,.S 


57 
57 


39 
55 


47 


to 


- 9 40 

- 10 45 


Dec, 23 


I 27 


- 34 





53 


59 


30 


- t 23 


3U 
.7.6, Jan, 7 


4 37 
c 7 59 


■- 34 


4 
7 


3 


6 


58 
■(I 


- I 5 
.- 44 


1717, Sept. 25 


23 58 45-5 


- 39.0 


58 


6.5 


;, 


34.6 


- 6 32 


26 


5S 21,2 




57 


42.2 


5J 


14.6 


- 6 28 


i7iS,Sept. 8 


I 24 


- 41 





43 


57 


30.8 


- 3 12 


10 


34 




59 


53 


56 


50.2 


- 3 3 


I7i(), Apr. 22 


23 58 49-5 


- 41.5 


58 


S 


58 


25.8 


+ IS 


23 


58 27.5 




57 


46 


58 


'3-1 


+ 27 


Oct. 29 


50 


- 40: 





10 


43 


58 


- lb 12 


30 


33 




59 


S3 


43 


55 


- 15 58 


Nov. 25 


23 58 32 


- 37: 


57 


55 


47 


37 


- 10 IB 


27 


sa 3.8 




53 


1 


47 


57 


- 10 4 


1720, Apr. 16 


23 5g 52 

58 7 


- 40 


59 
57 


37 


59 
53 


38 
42 


+ 26 

I 15 


23 


56 51 




56 


II 


58 


4 


+ t 53 


1727, Sept. 6 


23 48 44 


- 42 


43 


2 


58 


15 


+ 10 13 


a 


47 13 




46 


31 


57 


35 


-1- II 4 


173S, Jan. 2 
3 


4 52 

5 46.5 


+ 2 


^ 


54 
48. 5 


" 


40 


- 14 

- 41 


Dec. 23 


16 .8.5 




.6 


£0.5 


5g 


3g-2 


- .6 41 


24 


:6 54 




16 


54 





9.3 


- 16 45 


1739, 1^'=1'. 13 






4 


57-3 


14 


43.6 


+ 9 46.3 


16 


4 S8.7 


+ 1.5 


5 


0.2 


14 


34-9 


+ 9 34.7 
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c. 


Midy. 


o 5l 


" 59 5^ 


O 


59 48 


59 55 


59 43 


59 47^ 




59 45 


59 33 
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More observations, from the anonymous registers, accidentally omitted bel'ore;- 
Occult.vtion of Jupiter, July 27, 1704. 
i*^ 22' 34" ou juge qu'il touchoit par la lunette de 8, 
I 22 40 il commeiiga tl toucher le bord de I'D par la lunette do 18 [lied 

1 24 3 je crois I'avoir perdu de vne. 
z 6 26 U est sort a inoiti6. 

2 7 12 U tout sort. 

Transits of ©, etc. 
I. a. 

July 25 tr. II 58 55^ i' 11" 

26 58 52 18 

27 58 48 12 

28 5S 4o| o 55 

29 58 38 O 52 

He applies a correction of — 12" for iustrniuent, but 1 cannot find on what this correction 

depends. I fiud uo data for sueli a correction till December 30, a. ni., when we find ; — 

8 2 27, haut du bord sup. du aoleil par M, d. C. 1° 7' o". 

8 6 39, le bord inf. a la mesrae hauteur. 

Tberaiometer 25. Bar. 277J. 

By rough examination of the temperature at different seasons, tin; thei'inometer seems to be 

that of Fahrenheit. The observed transits of © are : — 

CeDt. Midy. 

■ ^ f 80 it seems he now applies — 17* for error of instrument. 

30 o s 4.5 04 47-5/ 

If this observation is worth reducing, it is rather to be used for determining the 
position of Jupiter than that of the moon. The observed altitude of the sun gives a 
clock-correction of — i" 41*, which is entirely incompatible with that derived from the 
transits. The only course seems to be to accept the times of apparent noon given by 
the observers, and correct the clocks accordingly. The apparent times, deduced by 
applying a clock-correction of + 1 7", are given in the Memoirs of the Academy for 
1704, page 233. 

1705, Aug. 5. (Aug. 4.6, astron. time.) 
3" 16' 40" Immersion de I'etoile dans la luiie par la luin'fcte de 17 pieds. Je n'ay 
Add I 52 pas pu voir avec la Inuette de n pieds. 



5 o petid. sup. 
5 8 pend. inf. 



6" after the occultation. 



[ 58 55 midy. 
SS 49g 



[ 58 36i midy. 

r 58 16 midy (convert). 
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58 5° 21 
57 I* 


59 'S ■ ■ ■ 
58 54 . ■ ■ 


. . II 58 8 
13 


SMi 


" 57 55 

■ ■ " 57 47 

16 



II 57 31 
So jiltitudcs; no telling bow quadrant was corrected. 

The interval of six hours between the observation and the comparison of clocks 

renders the time more uncertain than usual, the difference — 8^ being assumed constant 

for this time. The transit of the moon might be utilized for the clock-correction, but 

has not been. The results for local mean time of occultation will be: — 

Using Cassini's correction of quadrant, Aug. 4, t^^ 23"' 58' 

Using— 35° . , [5'' 24"" 20^ 

1705, Sept. 3. 

1 1 46 15 horl. iuf. l'6toile r de la 5* grandeur dans !a jiimbe oriental du Verseau entre dans 
la partie obscure de la lune. 

051 o rhorl. Slip, 
o 47 37 I'etoile sort. o 51 39 I'liorl. inf. 



Sept. 1 © tr. li 56 o 58 13 IT 57 6 



56 46 
1 56 33 



2 o peiidule sup. 
2 38 pendule inf. 

o 38 
Sept. 4 ©tr. II 54 18 56 29. 

The hour of the last clock- comparison cannot be determined. 

1706, Jan. 23, p, in. 

[ o 14 I'etoile entre dans la partie obscure de la lune par la luuefte de 17 et par cetto de i 

22 36 ]'6toile entre par la lunette de 11 p. 

23 19 par cette de 17. 

I 32 29 I'etoile petite qui est entree la dorriere sort de la lune 17 p. 

32 34 par la lunette de 12 p. 
I 38 S pendule inf. 

38 o pendule sup. 
Les observations pr6c(identes de la j) ont cst6 faites k la pendule inf. 

Jan. 27^, 1706. 
12 21 3 l'6toile A, entre dans la lune du cot6 de la partie obscure. 
12 25 22 pend. inf. 
12 21 o pend. supr. 
21 75 Ap. 2 
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58 36 







II 59 28 inidy. 


58 8J 


28 




22 4S 


25 4 




S7 2» 


59 49 




■7 8 


'9 27 




SJ 19 


59 38 


II 58 29 



II 58 12 midy. 
On January 23, the first immersion is of w'Taurl; the next two appear to bo two 
observations of the immersion of n^ Tanri. All the observations are, however, dis- 
cordant in a way which gives rise to the suspicion that an error of 3" was made in 
the comparison of clocks. 

1706, April 21. Ouciiltatioii of >) Lt'oiiis. 

8 59 15 Imniersiou de I'^toile derriere la lime supr. peiid. 

9 I 45 Imuiersion de I'^loile 1 dfiii^ lu col du TAon nvt'c, urn; luiieite de 3 pii-ds . . , peiid. inf. 
9 I 47 avec Hue lunette <!e 2 pieds. 

920 pendiile supr. 
9 4 28 peiidule iiifr. 
9 55 zo Einersiou de I'^toile i? de In luue par la luaette de 16 pieds exacte, peudule inl'. 

L'etoile en entrant dans la lune lu'a parti s'ailonger eaiant viie dans I'axe de la iuuetle de 16. 
pieds. 

(sic). 



tr. T I 57 12 (sic). 


59 '2 


56 31 


58 41 


56 r 


58 12 


55 3^ 


57 43 


55 3 


57 14 


11 57 38 


59 5^ 


59 '4 


I 30 


5«35 


49 




31 


Altitudes of ©, May i 


4. 


500 0' 


4 


9 S** SO 20 


4 


71 5° 40 




4 30 5' 




I 46 5- 2" 





9'' 47' 45" 3'' 13' 'i" 50=' o' 040 peud. sup. 

50 16 9 36 50 20 04 37 peud. inf. 



May 14 



9 


47 45 

"24 Te 
12 13 

59 58 
8 




" 


59 5'= 
37 


midy ^la penduleiuf. 


— 


59 13 

-S9_J-1 

29 

59 42 

IS 


midy ^ la peudule eupr. 
declinaiaon de i'instr. 



II 59 27 midy. 
This calculatioD refers to tlie traiiwit of May 14. 
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1706, May 24. 
51 29 U^toile entre dans le bord (le lii D. Lii hiue se couvre I'etoile. 
3 S3 l»«i"l- iuf- '° 51 39 (sif) 

o o pend. supr. 3 53 





10 47 46 

3 48 






<o SI 34 




Transits 

K 
,,0 55/ 50" 


and ealciiiiitioiit 

58' 6" 


I for clo<!li. 
56' 58" 


ss 32 


57 49 


56 40—; 


9 52 41 






9 55 39 






10 34 43 SI 


10 36 49 




II 57 10 
I 8 











'I 55 


42 







II 54 


5^ 


'I 59 


30 


petid. 


supr. 


II 44 

^5 


5 
^5 


peud. 


iiilr. 



AUitiuifis AuR. 
>6 30 ^ S3 II 
.8 38 51 4 
i3 2 46 38 


40 5' 

41 ic 

41 s< 


iS 8 44 32 


42 It 



6 26 41 
3 13 20^ 
II 39 5°^ 




«S 25 




II SS 2S 
II SS 59 


inidy & la supr, 



34 dficlinaison. 

1706, Nov. 18 a. m., 17^ ast. time. 
1 1 59 peud. inf. L'etoile se cache de derridre la D en iigue droite avee Copernic et 

17 30 peiidiile sup. 

18 25 pendule inf. 

o SS 

Nov. 16 tr. Ti 58 43 i' i" II 59 1:2 



54 3S le vent. 



58 52 inidy. 
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Alt. Sept. 19, 170C. 



:i 58 35 


43 


II 59 39 

" 59 4 


from alt. 




35 


<lecl. 


9 ^7 34 
35 57 


3 30 6 
25 53 
21 36 


33 

33 30 

34 




9 39 40 
43 35 
47 23 


2 18 3 
14 13 
10 19 


12 40 

13 
13 20 





1707, April 4. 
puudiile sui)r. La petite etoile p d'Aries est oach6e par le hord obscure do la lure. 



9 7 41 peiid. inf. 
8 54 peiid. 3up. 


Apr. I 

3 

4 

5 

Apr. 4- Alt. ©. 

^ 7 41 38 10 
4 49 38 3° 

T 53 38 5" 


© tr 


SI 5ii 

. II so 28J 

49 43 

48 57 

9 33 II 
2 7 41 


'3 4' 

9 33 " 
36 7 did). 


38 59 


4 34 30 



58 5' 













II 5° 


10 














II so 


47^ 
37 


diff. deuliuatic. 


■707, June 18 


II 55 8 






57 ^5 






56 -fii 


19 


54 53 
54 37 






57 " 
56 55 






56 ^ 
55 46 




Jime .9. 


Altitude 


; 0. 








9 2 37 




48 


26 








48 


4 48 




46 


17 








4820 


7 




44 


5 








48 40 


9 " 




41 


54 








49 ° 


II 23 




39 


41 








49 2° 



From all wliich he aeems to deduce a correctiou of — 30" for hia insLrnments. 
1707, Sept. 3. Occultation of Antarea. 
7'' 4s' Antares eutre dans la partie obscure de la tune pend. inf. Cette immersion n'a 4t6 ob- 

servee qu'a quelques secondes prfts. 
8 33 II Antares sort de la partie elaire de la lune par la lunette de (Jampani, exacte. 

Then come the following calculations: 
8" 50' I'horl. sup. 7*' 45' 8 33 II 

8 52 57 I'horl. inf. 5 30J 5 30 

13^ 15 



50 44 8 38 SH 

2 57 iiretr. 2 57 a retr. 
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7 47 47 lieure v6r. (ie I'iuim.cVAdtiires, 

8 36 o heure v6rit. de l'6mers. 

Transits of 0. Altitudes© Hept. 6. 

Aug. 29 II 57 25 59 34 58 29-5 9 31 23 3^ ° ^ ^4 5^ 

30 38 ss 34 9 38 20 22 II 

31 58 iS 36 48 38 40 19 28 
Sept. I 57 36 39 37 39 ° '^ 3^ 

3 II 54 3 56 12 55 7i 42 z6 39 2° ^3 49 

5 58 40 o 48 59 44 

6 57 56J ° S 59 0-8 

7 ' 57 «2 59 20 58 16 

No statement when the clock was put forward. 

The ai-ithors of this "register" sometimes failed to apply any correction for mo- 
tion of the sun to their corresponding altitudes. 

The clock seems to have been put forward six minutes before the transit of the 
sun on September 5. Subtracting this, the clock-corrections from tlie transits are: — 

Sept. 3. Sept 5. 

Clock-times of transit by quadrant . . 23'' 55™ 7^' 2^^ 53" 44' 

Corrections of quadrant — 3^^" ~ 57' 

Clock-times of true transit 2$^ 54'" 31" 23 53™ 7' 

Mean times . ■ 23" 59™ 15' 58'" 3^' 

Clock-corrections + 4" 44" + 5" 29' 

Subtracting 2'" 57' for rediiction from one clock to the other, the times of the 
phases are-. — 

Clock-times of occultation of Antai-es, 1707, Sept. 3, 7" 42'" 3'- 8" 30" 14" 

Clock-con-ections + 4'" 51" + 4™ 5^" 

Paris mean times 7^ 4^"' 54': 8'' $$'" ^^ 

Greenwich mean times 7 37'" 33^^- ^ ^5'" 45* 

The first time may be considered as affected with a probable error of at least 10". 

1708, Feb. 23, p. m. Occultation of Venus, 
7031 ? commence a entrer k hi pend. iuf. Lunette de 34. 

o 46 Ello entre entierement dans la lune. 
7 o 23 2 commence ^ toucher la lune par la lunette de 34. 

o 38 Venus entre entierement ^ la lunette de 34 et de 12 pieds. 

7 16 o pend. supr. l-'eb. 21 © tr. n 57 45 59 57 

7 16 g pend. inf. zz 57 4 59 ^5 

23 56 20 58 33 

9 24 55 38 57 50 

25 54 49 57 I 

Feb. 24. Alt. 0. 
^ii 42/ 45" 10' 6" 24° 50' 

46 8 6 39 25 10 

49 42 3 13 25 30 

S3 16 59 35 ^S 50 

56 S3 I 55 17 ^^ '° 
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1708, Sept. 6. 
9 32 51 Emersiou de •/_ Taureaii de la partie obscure de la hine. 
to 7 o peudiile inf. 
10 7 o peudiile siipr. 



4 






II 56 19 




58 29 


n 57 45 

II 57 24 

34 


inidy. 




■I 56 50 


mid.v, 


5 


3>i 


cent.. 


11 55 22 

5 '4 23^ 
II 53 ^7 

II 57 58^ 
II 58 14* 




57 31 

15 4^4 

55 36 

16 
23 


II 56 26 
34 




7 a. in. 

7 tr. 


11 55 5* 

II 54 314 
34 


n.idy. 


July 9 © tr 
Sept. 12 


" 53 57J 










1708, .) 


uly 9. 


Ait. 0. 






9" 37' 4" 
39 27 
41 51 
44 17 
46 41 






19' 57" 
17 36 
15 13 

13 50 




5'° 5°' 
52 50 


II 58 31J 
7 




II 58 38i 
11 59 (>% 












Sept. I 


2. 


28 


deel. ad. occid. 


9 30 

+0 
43 
46 
49 


52 
48 
38 
33 
31 
29 






26 

23 

2 16 


13 

5 


35 40 

36 

36 so 

37 10 

37 3oi 
37 5° 





52 35 38 10 

55 38 38 3° 
1709, April 20. 

7'' 52' 49" Iinniersiou dans la lune de I'etoilc - de in Liou, Pend. infer. 

Apr. ig, a. in. 

10 18 30 pend. inf. 10 51 31 pend. inf. 4 30 10 p. inf. 

10 II o pend. supr. 4.4 o pond. supr. 4 24 o p. sup. 
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Apr, 17 © tr. 



57 29 




S6 5' 


I' 55 46 


56 II 


32 




11 55 14 


SS 33 


.1 54 28 


S4 55 


32 




" S3 56 


53 45 


n 52 39 




32 



30 

'« 51 37 

1709, September 17 (or 16^ probably). 

o" 6' 33" a. I'lioil. inf. Immersion tJe i'etoile o de la 5* giatideur dans la partie obseiire de la 
liiiie, Elleetoit en ligne droit avec H^Hon et Timaichos. 
o 23 51 riiorl. inf. 1709, Dec. 24. 

o 13 o I'horl. sup. 9 4^ 44 ijo 20' 

49 47 2 4' 50" >2 40 

1'= SI 53 59 



r 49 22 51 30 

I 48 27 so 36 



5<5 



La peudule sup^rieurci s'est arest^e. 
Dec, 24 



1710, 1'Vb. 9 



(Obord qui mauijue.) 



Ei 








1710, Feb. 9. 






59 4 


n 57 53 




9 »4 13 


29 47 


17" 


' 50' 




57 21 




17 '5 


^6 33 


iS 


10 








20 37 


23 23 


3° 




32 ' 


led. 


23 54 


2 20 6 


18 


5° 


53 24 


II 52 17 




1; 


?io, July 22. 






58 43 


II 57 35 
'I 57 3 




9 16 19 

20 51 


37 34 
33 


47 
48 


30 








25 32 


.8 23 


48 


S° 




33 




30 14 


23 39 


49 


30 








35 


2 18 55 


50 


10 



1709, Sept. 23. Ocenltatioi) of Pleiades. 

8 24 52 Maia entre dans la Uiue, Innette de 17 p. \ 

2& 53 Taigeta eiitre lunette de 34 pieds. > peud. infer. 

28 54 Taigeta entre lunette de 17 p. ) 

8 38 34 pendule inf. 
36 o pendule supr. 

2 34 

S 47 44 L'^toile inarqni5e ^ entre \ 

9 II 51 L'^toile X sort > lunette de 17 p. peud. inf. 
9 14 24 Maia sort ) 

Sept. 20 © tr. II 58 28 o' 36" II 

23 "55 46 57 54 



1 56 16 midy le lad. 
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1 710, Dec. 4. Occ. Pleiades. 
4 50 12 Electra entre dans la lune. 

7 36 retard horl. sup. ab, hor, var.t 



1 24 add. 

5 48 23 L'6toile proche d'Asterope cache par la grande lunette. 

5 56 58 Asterope entre dans la lane par la graude lunette. 

6 9 50 # sort. 

23 28 Maia sort par le g. lunette. 



6 S9 9 pend. inf. 
S3 o pend. supr. 



6 9 



Alt. © Sept, 13. 
Dec, 2 © tr. II 51 59 54 21 9 29 6 18 4J 350 50' 

3 " " II 51 55 54- 16 31 54 IS 48 36 10 

3 |{ " 9 5<' 58 59 4 34 45 12 5^ 3^ 3° 

4 © " ii 51 to 54 12 37 41 10 4 36 50 

4 l( " 4 59 45 51 58 

5 © " II SI S3 54 S Dec. 4- 
Sept. 13 II S3 43 5S S^ A~39' 

9 47 32 1 57 2 14° o' 

51 44 — 14 20 

II S2 17 + 8 = 11 52 2S 

17H, Oct. 1. Occ. Pleiades {Oct. 0.6 astrou. time). 

3 40 II Maia est cach(5e par la lutie 46' 40" 

48 10 Taiget-a est eaeli6e par la lune 54 39 

4 so SS Alcione est cacliee par le bord clair de la lune ... 57 26 

4 56 18 Maia sort 5 2 49 

5 34 23 Alcione sort 40 S5 

Alt. O Sept. IS- 
Sept. 27 tr, II S5 53 5^' 3" 9 36 S^ 2 4 26 36° 30^ 

28 II 55 5 57 16 40 o I 24 36 5° 

29 — 56 26 42 53 58 28 37 10 Oorr. + 17. 

45 59 ■ 55 19 37 3^ 

Oct. 0.6 Lo ventre de la » 2 53 30 49 9 i 5^ 5 37 5° 



Oct. 2 II 51 56 

Sept. IS " so 28^ 



Oct. 2 II S3 



II 52 28 midy. 
He seems to have used the same clock with which the transits of the are obsen'ei 
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1712, May isj^. 
I dans la partie obscure ile la lime <h> s Lion, Pernl. inf. 



15 BmersioD <1e la partie claire. 
2 ppiid. itif. 
o peiid. sup. 



13 U: 



15 " i 45 40 o I 32 

" Le 19 May a 5" ilu iiiatiii Mad. Oassini est accouehee d'aiio fills qiii a H& buii>tis6e le 27 et 
nomm^s Sus^niie t'raui^olse", wbi(!li perhaps accoiiata tor our h:i\'Jiig no oorrespoudiiig altitmles 
since bst Septetntier. 

1714, Jan. 19, p. m. 

5" 46' 18" poinl. inf. IiLiitiersioii dans I't partie obscure de la hiiie d'une ('toilc dus Poissoiis. 
6 34 o I'^toile sort de la partie claire de la lune. 

55 lo uiie autre 6toile, beauooup plas petite, entre dans la parties obscure de la lune vers sou 
bord sept, qu'elle rase presqiie. 

1714, Mar. 21. 

10 14 41 pend. sup. iine(5toiIe " (Tauri, coruu) entre dans la B. 



Oorr. © Alt. Mar. 16. 

Mar. 19 II 56 36 58' 46" -3^" 9 27 21 28 27 30 10 

20 5624 58 33-38 3444 ^17 31 ° 

21 56 II 58 2oi -39 39 26 .6 35 31 30 

22 56 o 58 10 43 55 3 13 3 32 o 

Mar. 20. 

8 55 36 2 58 42 27 40 

58 10 2 56 8 28 o 

i7''i4, Apr. 7, a. m. (6.6 ast.). 

3 24 II Immersion of 5 Sagittarii (bright limb) pend, supr. 

or 3 24 12 

4 37 27 L'eLoiio sort de la partie obscure. 

1( 
Apr. 5 © tr. II 52 46 C+ i' 6") (el. adv. 7'] 



' 59 ^i 
■ 58 56 



I 43 (- i' 5") Apr. 10, limb. supr. 



II II 58 32 60 42 

At noon, T. S4<='.i ; barom. 27 11^. 
22 75 Ap. 2 



23 55 
27 15 
30 27 
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1715, July 22, a. m., Occ. of g('!)Piscinm (21.6 list., time). 
2" 53' 36" Immersion en la bonl claire. 



July 

Aug. 



3 46 


.3 ,1'a.v 


con 


iinei!<:6 de vo 


ir I'lSmorsiou 


do I'otoile oliscurc. 


L'^toile 


(•^toit 




eti 


(wre 


assez sensible quoiqu'il tit 


graud jour. 








3 +6 


4 








Alt. May 26. 








26 


0" 0' 53' 




l( 












f 20 tr. 


11 59 33 




I 4« 


9 36 S*"' 


.6 9 


50 


zo 




ZI 


59 37 




— 


39 17 


23 46 


SO 


40 






59 40 




1 56 

1715, Aup:. IS 


44 9 
(+ iast.). 


t8 s^ 
3 Alt. Jidy 26, 17J 


5' 
5> 

'5- 


20 




54 29 rOtoilo ;f dn Ver 


■seau ciitn- dau.s 


9 39 27 


2Q 59 


490 


40' 




hi) 


"'"'■ ■ 






43 7 


17 19 


5° 


10 




58 12 pend. 


inf. 






46 51 


2 13 37 


50 


40 




54 itend. 


Slip. 
















39 36 Emersion de I'etoile 


■/■ 




Stspr. 16. 








26 ® tr. I 


i" 59' 52' 


'^ 


2' 7"* 


9 34 42 


1S55 


3S 


la 




9 ■ 


r 59 10 




T 22 


3851 


14 36 


35 


40 




10 I 


' 59 J 




-_ 


43 13 


10 11 


36 


10 




16 1 


J 57 51 




60 3 


4.7 49 


S 39 


36 


40 




IS 1 


i 57 J 




59 « 


52 39 


I 


37 


10 




16 I) 
'7 


1 S'i 39 


- 


5826 

171S, Oct. 


9, p. in. 











r6toil« viinoit, dViiticr daus le borO obso. de la lune. 

J'end. inf. Lunette de 17 p. 
X>end. iiLt. 
peTid. Slip. 



Oct. 6 O tr — 60 37 9 50 44 9 ^3 

7 II 58 H — 9 5*^ 10 23 43 

10 II 57 30 59 39 10 o o 59 51 

Nov. 3 II 59 43 I 58 42 I ss 51- 

Dec. 30, p. m. 

7'' 28' i" peiid. sup. Immersion de I'etoile x dn Verseau. 
7 ^3 37 pend. IdC. Immersion de I'etoile ;^. 
7 25 39 pend. inf. 
7 30 o pend. Slip. 

Dee. 23 G tr. o o 15 2 39 

30 o 3 26i 5 48 

1716, Jan. 7 o 6 48 — 

10 o 7 59 'o 2° 
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1717, Sept. 25. Occult, of Alde'oarat), a la jiendule inferieure. 
9 13 46 Aldebaraii est vntih^ par la Inne. 

9 20 18 peudulp inf^rieiire. 10 52 zi signal pend. inf. 

9 16 o pendule sup^rieiire. 10 48 o peud. sup. 



6 y, 9 Aldebaraii sort da bord obseare toat d'un coup, 

1717, ])ec, 19, Alt. 0. 

■■■■ -41" 9 53 7 12 40 

~4i" 57 36 5' 55" "3 o 

'o I 38 59 36 13 20 

6 4 ^ 55 y 13 40 

1717, Sept. 20. 

9 4' 23 »° "3 34 30 

44 31 7 10 34 50 

48 6 dub. 41 35 'o 

50 44 OS' 35 30 
No records for tijf first five ruoutlis of 1718. 

1719, April 22, p, m. 

7 42 37 ImHiersioii d'Aldebaraii dauH la luiie h hi vuo ct en uiesme tfinips avec la luuette. 

••ill . 55 



Sept, 24 


© tr. 


II 5S 2 


- 


25 




rr 57 41 


59 50 


26 
Dec. 19 




'1 57 17^ 


59 25 
2 24 


Sept. 20 




" 55 4' 


57 49 



7 44 32 








8 32 It 


Aldebaran 


sort dii bord clair de la luiie. 


I 56 








8 34 7 








8 34 58 


Aldcbaran 


sort et oil 


' I'apper^oit dans I'instant. 


837 


la peudiilc. 






8 39 52 


peud. inf. 






a 52 
18, Sept. 


26 © tr. 
27 


59 29 
59 6 


r 38 
I 15 




28 


58 39 


48 


[9, Apr. 




'■ 57 44 


59 55 ^'Orf' - 43' 




23 


57 22 


59 33 - 41 



O Alt. Sept. 27, 1718. 



51 31 6 46 32 so 

54 45 3 33 33 'o 

1719, Oct. 30, Oce. of Aldcbarau. 
9 58 57 a la pendule sup. Aldebaran sort du bord obscure. 

I( 

II 59 43 i' 57" o o 50 

[ 40 40 

„o 30 o 32 13 

II 57 59 o 75 00 10 midy. 

8 3 58 — du Veraeau au iixc. 

7 14 30 I'etoile }■ eotre daus le disque de la lane cluire 1. 7J p. 
7 14 54 I'etoile r eiitre dans la lune par la lunette de 17 p. apret 

avoir paru quelquea seconds sur le bord. 
7 18 I peud. luf. 
18 o peud. sup. 



■19, Oct. 29 


tr. 


30 

■Nov, 3 

6 

Nov, 3 


»m 


Nov. 26 
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1709, Ni»v. 24 rri' 57' 13" 59' 32 

25 — 59 36 

26 57 23 59 42 

27 57 28 - 



14 peiid. inf. Iriim. y^ VirKinis. 

44 IStii. de ■f'^ Virginia. 

16 Emerwidii ilcs rli'inx (itoilcs du bord clai 

48 in-iid. inf. Ar.r. 16 tr. 1 



1720 


, May 2 


I, Alt. ©. 


31 57 




49 1° 


3S 31 




49 40 


39 4- 


2 21 


28 so 10 


42 +1 




50 40 



' 55 49 peiid. inf. 
> 56 o 



9 4^ 


34 


op. 2 


i 15 34 (>?■ 




SI SO 


46 


14 0|). 


_ 




52 2o 


49 


32 




— 




52 49 30 


53 


35 




— - 




S3 19 20 


58 46 




57 








— 




59 ^2 








55 45J 




57 56 o,- 


—42" 






59 2 




■ i7^~. 


i'ajoute 1' 


^lii 


I penduie. 


59 37 




I S3 








58 28 




43 









May 19 



1718, Sept. 9. 
j'ctoile disiiaroit siu bord de la Itine — pend. sup. de la tour. 



9 33 peiidide inf. de la tour. 
9 o pondule sup. de la tour. 



Dans la tour itifcrienre. (Lii peiidule retardoit d« une minute 6 secondes a I'^gard de celle 
de la tour Hnp.} 

8 46 30 Une etoile. des Poissous s'eclipse. 

(I see nothing to reconcile tbe discrepanciea between the clocks. Here is everything: — ) 
Sept. 7 ® tr. II 54 46^ 56.57^ 

8 54 19 56 29 J'ajoute 6'. 

10 II 59 30 I 38 

There wuh considerable difficulty in reducing these observations, but I think 
I have completely surmounted it. From the Memoirs of the Academy^ 1 7 1 8, it would 
seem that the first of the above observations is that of Maraldi, who gives S"* 45" 35' 
for the apparent time, and hence must have applied —9' for clock. It would, there- 
fore, seera that this "pend. sup. de la tour" is the clock with which the sun's transit is 
regularly observed, the coi-rection of which, on mean time, is —3"* 61 We have 
therefore, S"" 42"" 38' for the mean time of occultation from Maraldi's observation. 
The equation of time being —2 57', tliis lesult agrees exactly with Maraldi's as 
published. 

The lower clock used by Cassihi being if ahead of the upper one, its correction 
on apparent time would be — 42^ He writes 43^, so that this hypothesis is probably 
con-ect. But be actually applies 50', seemingly out of carelessness with regard to the 
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units of seconds, and thus obtains his printed result S^ 45"' 40'. Supposing, then, a 
difference of 33" between the clocks, the coiTection on mean time would be —3™ 39', 
and the mean time of occultation would be 8'' 42" 5 1 ^ The octtultation was observed 
also by La Hire, and the three results are: — 

Maealdi &^ 42"° 38'. 

La Hire 8'' 42"" 44'.: 

Cassini S"" 42"" 51'. 

I am inclined, under those circumstances, to use La Hire's observation only. The 
moon was totally eclipsed, and the occnltation took place at a considerable angle, so 
that the results with respect to the phase of the moon are not so discordant as the 
times would indicate. 

1727, Supt. 7. Occultation of Pleiades, 

2" 3' 7" L'et. des Pleiades entre dans le bord elair avec une I. d. 15 p. 
234 avec la luDette de Angleterre. 

35" " " HP- 

2 8 56 L'et. dt'8 Pleiades. On n'a pas pii la voir avec les 2 autres lunettes. 

3 41 s° L'^t' 'ii P'ls sepieiitrionale entre 

47 ou 48 par la Innett* de Angleterre. 
2 44 I L'^t, la plus m^rid. eutre. 

2 44 o LuTiette de Angleterre. 2 48 13 penrt. inf. 

2 36 o 

2 43 58 piw la lunette de 6J p. 

3 II 58 Emersion de l-etoile que je crois la i". 
22 22 Emersion de celle que je crois la 2". 

37 40 Emersion de celle qne je crois la 4". 4 11 12 pen d. inf. 

4 2 2o Emersion de celle qui est la plus m^ridiouale. 3 59 o p. sup. 

1727, Mar. 19 © tr. 11 48 27 50' 36 aj. 12 k la p. 1727, Mar. 21. Alt. ©. 

20 59 31 1 42 8 S3 8 27 20 3 5 37 " 59 ^^k 

21 58 39J o 49 58 7 28 o o 37 .8f 
23 — 59 ^ ° 42 28 20 2 58 4 

Sept- 5 " 48 15^ 50 25- 5 48 29 o 52 55 11 59 3^^^ 

6 47 39 — II 59 4+1 

8 46 9 48 57» 

II 43 46^ 45 55 Decl. 4o,i| 

1728, Feb. IS 11 52 38 54 52 

Aug. 30 12 48 i3j 50 22 1728, Feb. 13. 

9 47 ° I 59 38 22O o' 

172S, Aug. 3c. 

ro 30 24^ 47 45 o 57 16: 
42 50J 48 o t Un peu i gauche dii 

46 46J 48 15 t coutre. 

50 46 48 30 o 45 52: 

The following table is given on the first page of volume 36, which contains the observations 
of 1732-33. It seems to be derived principally from observations in 1733 not found in the record, 
but this is not certain. I give the table in the order in which it is found. 
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Declinaisoii Jii *juart dii circle fixe tjui est duus l;i tour ocoideiitnlc any. ; 
liienue. 



4a sec. al. oec. j 
40^ 



y These first four hi a liitt'ereiifc Laiidwriting from tlie others. 

y 



24 


S«' 


55 




54 


54 


33 


37 


23 


54 



18 39i 

18 38J 

30 43 

If this table refe]vs to the instrument with which the sun's transits were commonly 
observed, the numbers would seem to be too great for use in previous years. But it 
confirms the suspicion of an increase in the eiTOr of the quadrant. 

1738, Jan. 2, Oeciiltiitioii of AUJebaraii, 
9 45 7 oil 8, clock. Aldebaraii eutre— par tie obscure 9 39 51 app, time. 

II 6 24 Aldebaraii sort. 11 i 6 app. time, 

Jan. I 0tr. o 2 46J 5' 9" 4 52" Miily ^ la poiuluio. 

2 ■ o 3 41 — 4 54 Midy vray. 

3 o 4 36 6 57 , 5 aH Miily peud. inf. 

10 37 . 

Jan. 2 HI 9 29 54^ 

I , +J 16 23A 



Aldebaraii tr. 9 32 14 5 13 eubtr. 16 25^ Midy, peiul. sup. 

1738, Dec. 23. Occult, of Aldebiiraii. 

5 50 35 Immersion partie obscure. Dec. 19 ® tr. o'' 12' 53" 15' 15"^ 

16 28J 20 © 

S 34 6J Immersion heure vraye, 23 



15 49 



Aldeb. 10 28 



6 50 36 Emersion. 
-.6 30 



6 34 6 Kmersioii beure vraye. 

A great guoinon was established in the year 1729, and it may be that the transits of the ann 
were observed over it after tbat date, but I am by no meaus sure. A correction of + 2' is, how- 
ever, applied for error of meridian, and it seeina to be well determined, though I do not know how. 

1739, Feb. 15 6 50 32 Imm, of Tanri Clock 5' 1" App. time 6 45 31 

Feb. 13 noon by 5 good corresp. altitudes o" 4' 57".3 

:6 per gnomon, uncorrected 04 58.7 Corrected 050-2 
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i755i July 6, a. m. 
I- 38 53 Immersion of Aldebaran, 3 telescopes. 



lul.V 


4 

5 






° 


10 23^ 

5 34 


7 5°^ 




6 








5 43^ 


8 oi 




9 








6 12 


8 28i 




16 








654^ 


9 II 


■T'lly 


16 


Arctnrua 


6 


30 8 






17 


Arch 


rus 


6 


26 10.8 






18 


Arct 


nis 


6 


22 '3-5 
53 25.8 






'9 









7 6 


9 2ri 



Corrcctioua to " MtiraP' per corresp. alts. 



7SS, •!»"■ »3 




~6".2 


Apr. IS 




-o'.7 


Apr. 2, 




+ 0-.3 


Ma.v 5 




+ o'.6 


Ma.v 26 




+ I-.S 


Jul}- 18. Co 


■reap. alts. 


3 43 


3 


8 31-S 


4 .8.5 




1 S!-S 



i75St 'T"ly 'S 9'' 'S' ^7" Iinrn. fl Libne per 3 observers, 
1757, P.;b. 25, p. III. 
6 S3 57 Immersion of AldebHniii. 

8 1 1 29 Commencement de I'^mersioii, it fait mie i^ehaucriire au bord 6clair6 de la lune, et a 
est6 pinsieiirs aecondeM sans se sepitrer de la bord ile la lune, ce qui nous a fort 
etonn^ Mr. de Thury et nioy. 



( 39 II est totalement s6par6. 

24 tr. o" 18' 26".s .0' 38".5 



1756, Dec. 13. 



32 13 35 8 20 3 5 

8.7 t6 46J 8 40 31 



58 4'^ 
■■ 55 i8i 









1756, Dec. 13, a. 


m. 










4 33 


44 inim. 


— 9 16 4 24 28 




Daree 


) 










,0 






20 50 


> Copy complete and literal. 


5 54 


35 emersion ""—91 


5 +5 18 






) 


















1756, Dec. 


17- 




Dec. 12 


©tr. 


7 58 


10 21.5 












13 


a. rn. Regal 


US — — 


4 40 52.5 


9 


7 -54 


70 20' 






13 


© 


8 20 


10 42.5 




TO 20 


7 40 






'5 


© 


9 6 


— 




13 30^ 


8 






16 


© 


9 3C-5 


n 53 




16 4oi 


8 20 






n 





9 54-5 


12 i(i Decl. 8" soust. 
1758, Feb. 17. 




19 53^ 


8 4" 


"' 






1036 


5 Immersio 


of r Gemiuorum. 






Jan. 24 


1758. 




Feb. 15 


tr. 


3 Mi 


5 28 ■ 9 


47 


52 


4 10 z 


56 20 


bonne. 


16 




3 52^ 


6 6 


51 


14 


4 30 2 


52 57 


mcd. 


17 


\i 


8 9 6J 


10 51 (le ventre) 


54 


41 


4 so 2 


49 33 


assez bonne 




rGem. 




8 14 59^ 






c 


Z2 74 




18 


I( 


8 59 2^ 










-13 




19 




5 42J 


7 55^ 












Jan. 23 




20 47 


23 6^ 






c 


" S4i 




24 




20 S2* 


^3 i'4 








22 z 
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Series V. 
Obsermtims by Dblisi,e at m. Petersburg. 
These observations have never been pnblished. The original manuscripts were 
retained by Delisle when he returned to Paris about 1 749, and were eventually depos- 
ited at the Pans Observatory. In 1844, they were clainied by the Russian Govern- 
ment, delivered to Otto Stkuve, and deposited at the Pulkowa Obsei-vatory A full 
report upon them was made by Stbiive, who called attention to the possible value of the 
observations of occultations of the Pleiades which they contained These occupa- 
tions were discussed by Linsser in 1864, who compared the observed times with those 
computed from HiKSEd's Lunar Tables, showing a good agreement. 

Desirous of including in the present investigation all that was valuable in De- 
msle's observations, I took occasion, during a visit to Pulkowa, in March, 1871 to ask 
Strdve's permission to examine the manuscripts, and make extracts for the puriiose in 
view. This waa very kindly granted, and the services of the secretary of the estab- 
lishment, Mr. Li»DEMiN.,, were placed at my disposal while engaged in the examina- 
tion of this and the other treasures of astronomy which are contained in the hbrary 
of tlie Observatory I retain a very pleasant recollection of Mr. Lindemam'b oourtesy 
m rendering this assistance. 

The extracts from Delisle's manuscripts are given quite fully in the following 
pages. The reduction of the observations lias given some trouble, owing to the mul- 
tiplicity of clocks, and the varying and irregular manner in which the time and other 
observations were made The genera] system of observation was the same as that 
pursued m Paris, the transits of the sun over the meridian of a gnomon being observed 
quite regularly, and the error of the gnomon being determined from time to time by 
corresponding altitudes of the sun before and after noon. 
Place of observation, Observatoire Imperial en Basile Ostrow. 
1727, 1e 21 fi^vrier, nouv. 
flautenrs du soleil pour I'horloge. 
Matin. Haatoiira. Soir. 



^ '3 56 



^ 38"- 30^' 
+6 32 li 



!ij 14 6 27 28i ^ Correct, (le Nadius soiist. 
' Midi vrai 



Milieu 



26 2. 54 

Le 26, hauteurs du soleil pour I'horloge. 

13° S6' 9'. 28™ 23" 



17 14 26 

19 14 36 

19 14 46 

JiJ 14 56 



35 I .5 36 

37 9 15 4O 

39 13 IS 56 



Le 27 f^vrier. 

.-. ^Z/.?''.^? *""''■ ''^'^P'^'"*"'''''""^^''^''*" "^^"^ '^ Pi^i^tie obscure de la luiie d'une forte 
petite etoile de la queue du B^lier. 11 y avail 2 aafcms etoites plus considerables situSes aiusi 
he temps vrai de cette immersion d6duit des midis le 21 et 28 f^vrier eat ^ S'' 40" 53'. 



Hosted by 



Google 







RESEARCHES ON 


THE MOTION 


OF THE 


MOON. 












Le2 


8 tevrier. 






aiitou 


8 du soleil 


pour 


I'liorloge. 








JIaiit 


11 rs. 




Lus 


Lr, 




Milieu. 






14.0 


16' 


2 


,S,^" 


46' 


o' 


!"■ 37^ 








2b 




51 


4«^ 





' 374 








V> 






51''- 





I 37i 








^f. 




47 


sc 





' 37i 




aaiis corre^tioLi . . 




;6 




4G 




n 


I 38 


Corre 


(ion lie Nadiiis Koiist. 




6 








n 


1 36 




rai 




t6 




42 







I 36 








26 




39 


53^ 





r 5H 




"lice pour 7 juiira 




30 




37 


47 





I 37 








46 




7.S 


43 





I 374 






15 


5& 




33 


46J 





I 37 







Hauteur merid. ciu bord sup. du soleil : 



17' 15" fort exaete. 



Instead of depending- on the clock-rate from tiie altitudea of February 21 and 
February 28, 1 have utilized those made on the morning of the 26th. By computing' 
the altitude from the corresponding observations of February 21 and 28, it appears 
that the altitudes as given require a correction of — 16'. 2 for semi-diameter and index- 
error. Appljang- this, we have an error of clock on apparent time of i" 4i'.5. We 
tlien find: — 



! Clock Fast, 
^ App, Time. 


Time. 

+ 13 25.3 
+ 13 0.4 


Clock-cor- 


, Feb, 25,21.4 ' I 4'. 5 


+ 11 43-8 1 
+ 11 52.4 



Interpolating to the time of the occultation, we find : — 
Clock-time of occultation of tx Tauri, 1727, February 27 . . 8'' 42'" 12'. 

Clock-correction 1 1'° 49'.8 

Local mean time S*" 54'" i'.8 

Greenwich mean time 6'' 52'" 48^.3 -\-2'. 

OccuUations of the Pleiades, 1729, December 3. — These observations being given, 
in extenso, by Linsser, in the paper already referred to, I made no copy of them, but 
only compared the original here and there with Linsser's printed data. It seems 
sufficient to present those of the results most likely to give rise to questions. IjINSser 
gives the following results for con-ection of the time of sun's transit over the gno- 
mon: — 

1729, Nov. 23 _ + 1° 5 

1730, Feb. I +3'.8 

1730, Mar. 4 . . . ■. -^-8^2. 

But he makes no statement of the correction which he actually adopts, nor of his 
grounds for adopting it, only remarking that it is interpolated from the above values 
By calculating backward from his results for clock-error, and his tabular data, he 
would seem to have adopted -|- i°,o. It would, therefore, seem that he considered the 
2S 75 Ap. 2 
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coiTection to vary with the declination of the sun rather than with the time. But 
when the results for several years are placed together, they appesir to vary only with 
the tiioe. I therefore adopted +2^5 for the correction. . The addition of a slight 
difference in the equation of time, arising from the* periodic pei-turbations of the sun's 
longitude, being neglected in my work, carries the difference of computed mean 
times up to 2% an amount by which my mean times are less dian those of Linsser. 
The following are my independent results, alongside of ^which I place for comparison 
those of LiNSSEK. The results are a mean of those from the two clocks C and D, 
which differ between themselves by an amount varying from 1^.4 to i^o. 

Dale, 1729, December 3. 



Slav. 


Local Mean 

Time of 
Occuitation 


Linsser. 


Side.eai 
Time. 


Greenwich 
Mean Time, 




h m s 


, 


A m 1 


4 m 1 


! Electra . 


J6 35 57-9 


69.7 


9 27 24.9 


14 34 44.4 


: Cetena . 


41 3g.6 


41-5 


33 76 


^0 26.1 


■■ Mai:i . . 


17 16 56.6 


58.8 


10 8 30.3 


15 15 43.f 


■ Mcrape 


31 47.4 


4g.7 


23 23.6 


30 33-q 


Alcyone . 


48 13.8 


15,6 


39 52.7 


47 0.3 


; Pleione . 


iS 32 17-4 


IQ.7 


" 24 3-5 


16 31 3.9 


. Arias . , 


37 35-6 


37-7 


I! 2g 22.6 


36 22,1 



1733, le 22 Mars. 
A mkii vmi C n'' 55' 17" 

i> I. 2 19 

" ■< 57 59 

M ,, 54 ,7 

aultalion . qui fst (liiiis lui «!f'8 pieds (1m Jumeiiox. Immertjioii ties exiicto A 7" 24'" 



Peiidiile N^ avec pluaieui' 


liiuettes. Eiriersiou A 8' 


3° 


"20' =fc tres iueertauie. 






Conipa 


„i»„i, ,!.•» pe 


111 


lew. 




Imi 


^tiiateriieiit ii|iri^s 


iinmeiMioii. 




I 


iiin^iliateiiieia ap 


eii remei'sioii. 


" 24"' 

25 


51J- 6" 31"' 0' 


7" 27"' 4 
7 28 4 


S- 8» 

J 


31 


., J,. ji, jgi. 


»• 8» 34" 45 


c 





N 




c 


D 


^' 


L'imm 


ersioii est doiK! ;iri 
AnKpeadules. 


vde. 


,™.. 








G 


f 2,~ ,8|- 


,1, ,c- 


lo'j"' , 








]> 


6 27 27 


7 26 


f r.a pen 


ule N !l eiisuite ere iirri5li?e. 


¥ 


7 24 SJ 
A ini(ii v-rai 


7 26 


2 ) 
Lc 2,5 Mars. 




,,> 54- 
I) 10 58 


47" 
59 






















N 


3 












M „ 52 


38 








Le 24 Mais. 










A iiiidi vrai 








I, 54 
» ■» 55 


«7i 
48 






















N „ 54 


3-1 
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Le 35 Mara, 
A inidi vi'ai C 



54 



Le eoir, oecnltrttiou de * 



Apres 


'irnitiersion 


7'' 18" 


0' 7 1' 


L'immersioii est atrivee. 








Ahs pendiiles. 


Au 


oinps vrais. 





7^ IS™ 44i' 


7'' 


21'" 47^" 


D 


6 .3 i8J 




21 47 


N 


7 i6 29 


7 


21 48 




Le 37 Mars a 


I.!d.V 





M u 54 41 

M „ so 25 

dans nil ijistarit A 7" is"" 44"^ de la jjcudnle C, 
c N D 

7'' 18 44J' 6'' 19°' o' 



\ La pendule M i\ et6 retard^o 27' en la remon 
> taiitet iivanci^e 10 min. pour I'approolier du 
' temps vrai, 

( II' S3" i2» 

10 46 I 

11 54 42 
[ Moo 4H 

Dans ces ealculs du temps vrai il n'y avait point d'errear ^ la iii^ridlentie. 
(To determine the error of meridian.) 

Le 20 Mars. Hautenrs du bord supi^riciir dn soleil. 



< 



Pond. E, 8" 23"' 17" 180 21' 

24 58 18 3. 

26 36 18 41 

28 14 18 SI 

29 55 '9 f 
31 32^ 19 11 

33 I" 19 ^1 

34 53^ 19 31 
36 31 19 41 

38 12 19 51 

39 51 ^° I 
41 38 20 II 



15- 67" 



' 49"' 37i"' 
39 
394 
37l 



374 



Milieu . , . 

Correction . . , 

Pei.d. E . . . 

Diff. pend. . ■ 

;.P.-iiduleD . . 

■^''f 1 Alamerid. J) . 
37i 

"* I (JovrecEioii ile la 
;; I lidieiiTie , , 
38 

3S i 
Le 28 Mais. 
Uncorrected time of apparent noon from double altitudes with cluck C 

Oorrection of Eulcr 

True noon i>er clock (J 

Difiereuceof clocks at noon (J) — 0) 

True noou by clock D 

Transit of situ per clock 1) 

Correction 



" 49' 38" II'" 
29 39 
49 S 32 
40 30 30 
8 38 2 
8 39 22 



53" i4'7 
_ 29.6 
52 4S- I 
9 57.0 



The results for correction of gnomon are: — - 

1733, Marcli 20 — i'-3 

March 28 — o°.6. 

Th(i value — i".o has been adopted. The correction.s of the three clocks, C, D, 
and N, are then found to be as follows :- 



c 

March 22. At apparent noon, + 1 1'" 47^3 
23. ii"'58'.5 

25. I2» 3-.0 

27, 12"' i8'.4 

28. ... 



+ 64'" 45'-3 + 9" 5'-3 

67'" 46'.5 6" 42'.5 

73"' 3^^-o I ''" 27^(5 

79™ 29^.4 10'" 48".4 
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We thoji have the following- results for mean thne from tlie three clocks; — 
1733, March 22. 

c D N 

Immersions of v Gremin clock 7'' 21™ i8',5 6'' 27"' 27'.o "j^ 24" 8^.5 

Clock-corrections .... + ir^'so'.; i'' 5"' 4i',4 ? 

Mean tmes 7'' 33™ ^".2 f' 33"' 8'.4. 

1733, March 25. 
Immersion of ic Cancri, clock 7'' 15'" 44''.5 6'' 13™ i8'.5 7'' 16™ 29".o 

+ 12™ 5^3 i"" 14™ 3o^2 II"'2I^2 

7" 37" 49^8 7" 27™ 48".7 7" 27"' 5o^2. 
The mean of the times given by the several clocks will be adopted. 

1736, April 14. Transit of sun's cetitre, elocl; A, i*' 32™ nj', 

Coinpariaoii of cloclis M \^ 38'" o' 

A I 35 17 
» > S^ 43 
ImiiK^rsiou of Aidijbarau iastautaneous iit M, n^ 56™ 30°. 
Aftefw;inl M uh -g'" o' 



" L'errenr ile la m^ridieime est d'eiiviron 7" additive." 

Times of tlie immersion. 

A 11" S3'" 35' 

M II 56 50 

Apri] 15. Sun on mwidiiiii 



A II 55 s 
N o 13 2+J 



54- 




SSJ 




i'' 


35- 'i¥ 


1 


38 37i 


I 


54 S4j 



Applying ^^e^.s for error of gnomon, we have tlie following I'esults for clock- 
correction : — 

A M N 

April 14. Apparent noon —92™ lo".? —94™ 53'.7 — io9"'36''.7 

15. Apparent noon —95'" 40V-) —98'" 51^.7 —115'" 8''.7. 

The raoan time of the observed occultation is then found from each of the clocks 
as follows : — 

1736, April 14. 

A M N 

Clock-times of iram. of a Tauri 1 1'' 53™ 35'. r i^ 56"' 30'. 12'' 11" 54',5 

Clock-corrections .... —:'' 33™ 4o^7 — I''36'"36^I — i'' 51"" 59'.7 
Local mean times ... 10 19'" 54^.3 lo*^ 19'" 53^9 10'' 19" 54''.8. 
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RESEARCHES ON THE MOTION OF THE MOON, 
1736, Juno 20. 

The correction of tlie moi'idiaii is found to be very accurately + 9. 
obscrveiJ times of transit of tlic suu. 

Aug. I. Transit of the eiin 



, to be added to the 



Next ti 



Pcndule uouvelle, iifterward stopped 

very exact 



8" 45"" 3+* 
58 



; iinruOTsion of Aldebiiran \ 
einemou . ■ ■ 

"Je croia qn'elle ne faisaitque de aorMr quand je I'ai apergu car j'^tais fort attentif et elie 
pani d'abord fort lirillaut h I'eridroit de la luue ou je I'attcDdais." 



[8 48 40] nouvelle. 
8 48 Z2 aup^rieurt 
2" 59'" 9i' ' 
4 10 59 



Aprea riLiiiiiersion 



, 58". 



Apres I'emor.sioii 



Sup. 3 
Immersion. 



40^ 



M 
A 
Sup. 

Emersion . 



39 



\6^ , 



M 8 45 so 
Sup. 8 52 15 
I fiud no reason given for rejecting clock A, except its discordance. 

Proceeding as usual, and adding + 9^2 for error of gnomon, we have the fol- 
lowing results for correction of the three clocks, A, M, and Sup: — 

A. M. Sup. 

Clock -times of transit, August i . 8'' 45'" 

Mean time o'' 5™ 

Clock-corrections 15'' 20"' 

Clock-times of transit, August 2 . 8'' 49"' 

Mean time o'' 5'" 

Clock-corrections 15'' 16'" 

Immersions of a Tauri, clock . . 2^ 59"" 

Clock-corrections ' 5'' 1 7'" 

Mean times 18'' 16'" 

Emersions, clock 4'' io'" 59". 

Clock-corrections 15'' 16'" 

Moan times 19'' 27'" 

In doubt whetlier to reject or retain clock A, I tihall give it half-weight in talcing 
the mean. 

Oceultatioti of Aldebarari Oct. 23, a. m., 1736, 

Immersion very exact at bright limb A 4" 50'" 58' 

Emersion A 6 6 t 

". . . Quoiqu'il y eat nn grand brouillard au traverse deqnel la luue paraissait et qui 
empechait de bien dietinguer les taehes ; cependaut ayant encore dirig6 la lunette catadioptrique i 
I'endroit on se devait faire cette Emersion j'ai comuieuc^S k voir Aldebaran sorti de dessous la lane 
d, 6'' 6"" 1^ de la pendule A et je crois que co tompa est le premier moment de son Emersion u'ayant 
rien vu peu de seconds aaparavant au mfime endroit. 



43'-2 


8' 


42" 


7'. 2 


8" 


48- 


3I'.2 


46'.9 














3"- 7 


is" 


23" 


39'.7 


is" 


17- 


i5''7 


3I'.2 


8' 


4S"' 


59'.2 


8' 


52"' 


24'. 2 


42"-9 














ii'.y 


is' 


19" 


43"7 


15" 


13" 


18". 7 


9" 5 


2'' 


55" 


29'.o 


3" 


jk. 


SS'.o 


S'.o 


15' 


ao" 


40".9 


IS' 


I4» 


16". 2 


i7'-5 


18' 


16" 


9'-9 


18' 


16" 


II".2 


59"- 


4' 


7" 


20'. 


4' 


13° 


46'. 


S<>'.4 


is" 


20" 


29', 2 


15' 


14"' 


4"4 


55'-4 


19' 


27" 


49'. 2 


19" 


27- 


So'.4 
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I RESEARCHES ON THE MOTION OF THE MOON, 

"(Jette ocoultatiou, siiivaiit moii obsefvatioii est ilouc arrive<i: — 

L'iiumeraioii. L'^mcrsion. 

Pendules. Temps vrai. Foudules. Te 

A 4"^ SO"" 58" 3" o'" 32" ' &" 6» I' 4'' 

M 4 47 6^ 3 o 36 6 2 6J 4 

The data for cluck-error iire somewhiit irregular. 
We have: — 
16 octobre Sun ol meridiao (gnomon) A i'' ig"' 20* M 

Transit of sua over jth wire of mural sest. i 19 27^ 

l^aaaage of diameter 2™ loj' 

Peiuhile A ensiiite arret^e, et la pendule M avauc^e 7 mm. 
Afterward, the following transits over 5th wire of the mural qiuidriiiit : — 
Oct 18. Snti's II limb .... A ri* 34'" 41I' M = 

20. y Aquilae 

a Aquilae 

Aquilae 

2j. Mars 

!^ ^ 

Bor. Gaud, Ceti . . . 

liiicida T 

i« Hyad 

a bord suivaiit . . . 

Aldebarau 

Rigo' 5 t iiJ -,i"' 52" ai 4I' 54"' A 



Bellatrix 
Bait. Orioi 



34' 


"4i|' 


■^2 


44 


.^6 


59 


41 


284 


r 




I.S 


2oi 


37 


51 


50 


50 


.^ 


^oi 


18 


M^ 


iq 


28* 


t 


^H 


■i 


54 


17 


3« / 


21 


.^« !■ 


26 


3HS 



23. Suu II limb I 53 5 

^ Aquilffi . . . : . 7 41 rif 

Jupiter 8 42 52 

Nodi ^ o 53 25 

Mara to 26^ 

leridule M k 6te arr6t6e. Pendule A, Oct. 30, ret. 14' en ia n 
V. 4. Sun's centre (mean of limbs) . . A 2 38 44:^ 

GnomoH 2 38 30 



Uiff, 



: (■-*'■) 



The correction to the time of transit over the mural sextant for the declination 
of the suu at this time seems to be about + 3^ We have then the following results 
for correction of clock A : — 

1736, October 18 Transit of —1'' 48"* 25'.5 

■ 22. Transit of Rigel —2'' 6'" 7^2 

23. Transit of —2'' 7'" 34^5. 



Hosted by 



Google 



RESEARCHES OK" THE MOTION OF THE MOON. 



183 



Interpolating to the time of occultatlon of Aldebaran, we have : — ■ 

Clock-times 16^' 50'" 58" 18'' 6"' i'. 

Cock-corrections __ 2'' 6™ 5^6 — 2'' 6"' r7'.6 

Mean times 14'' 44"' 52^4 15'' 59'" 43^4. 

These results are 10' less than those of JJelislk, and more uncertain than usual. 



For eri'ui' of tiieridiau (guoiiioi)), 



Transit of suu over 5th wire, mural 
Meridijiu (guoinoii) . . . 



April 22, 1737. 
58 i4i 



(jorrectiou of sextant 

From 13 pairs equal altitudes witb clock H, at a 1 

Han at greatest height 

Enler's correction 

True transit of sun ........ 



27I 
J interval of 5 



True transit per 
Observed with gnomo! 
Correction of guoruoii 
Correction of sextant 



1737, May I. 



Transit of sun, mural sextant 
Meridian, gnomon .... 



" 4r 

35i 



G. — S 

From 12 equal altitudes of the s 
Mean for nieiidian ... 
Diff, of clocks and H . . - 
Apparent noon per O . . . 
Buler's correction . , . . 
dorrected apparent noon . . 
Error of gnomon . ' , . , . 
Error of sextant 



nterval 6'' 56'". 



+ 7.0 
+ 37-5 



1737, May 7, aoir. 
Immersion of S Leonia (|iied boreal) instaiitaneons ...... N 

For clock- correction : 

Sun on meridian (gnomon) May 7 Q 



Mural sextant 

Correct, ((i. — S.) . . . . . , . , 
fnes of gnomonic noon by tlie various clocks. 



' 54'" 



wliicb U was retarded 
14" by winding. 



' 53" 48-1'' 

+ 32,2' 

The immersion \va 
Clool;s. 

oh ^,m ^. 

o 44 45 



8- 3oi« 

6 44 J = C 



' 34 36S 
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RESEARCHES ON THE MOTION OF THE MOON, 

Transmits with muiul sextant. 

May 7. Sirius A 6" 30'" 50^ 

rrocyoii 7 22 17 

3* I 9 5 34 

Cor. SL . . . • 9 50 52ii 

Cauda SI, n 32 5 

Spioa I 8 28J 

Arcturns i 59 58 

Pendiile H deranged 2 or 3 seconds by tlie cords. 

A 6" 25"' o» 

6 28 32 

M 6 21 43i 

May 8. Sun 011 gnomon A 2 57 +9.7 

O 3 1 46.2 
1- 24.7 



Tlie sesl",ant 33'.5 sooner. 



H 



14 47 3-7 

3 14 40-2 



Applying + 8'.5 for correction of gnomon, and taking from clock C on May 7 the 
14* by wliicli it was retarded in winding, we have the following results for clock- 
correction : — 

At transit of 0. 
May 7. Maj 8, 

- 2" 58'^ I7'.9 

- 3" I"' 44'-9 

- 2" 55"- I^9 

-14" 47™ 47'-9 

- 3" 14"' 20^9 



Clock A 
C 
M 
H 

N 



" I- 50' 
" 5-46' 



8'" 40^ 



The moan time of the occultation, as given by the several clocks, is then as foi- 



A 

C 
M 
H 

N 



■ 2I=.4 

1 9'. I 
2 2 '.4 
I7'.3: 
20'.4 



Mean g^ 41™ 2o^8 

1737. May 20. 
>rresponding pairs of sun's altitudes give for the correction of the gnomon + r 

May 23, a. n\. Occultation of Jupiter in daylight. 
19'' 58°" 2^^' H Jupiter me paraissait toucher le bord i^elaire de la lime, 



■rt 


H 


,6' ,- 9l'j 


•«i 


A 


• 6 . 9i 


.4 





16 I 9 J-Jupifcer me pariiissetotiteutre 


M 


N 


(16 s8ij 


SH 


M 


.6 , S(] 
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RESEARCHES ON THE MOTION OF THE MOON 

Clocks. 

May 22. Sun on g-Qomou A ; 

C 
H 
M 

Mural sextant A 

G. — S 

May 23, Mural sextant A 

U 
M 
H 



3 


59 iS'O (o^s.) 


3 


56 37-S 


3 


S5 43.S 


3 


57 41.0 




39-5 


4'' 


i» 36.5^ 


4 


2 42.8 C 



3 41- 



59 22.5 

^ 3 58 52-5 

Le fli do la m(5ridietin6 (Jtant rompii I'on n'a pn observci' le passage de I'image du solei! ■^ 
cette m<;ridieune. 

Transits with Mural sextant. 

May 22. Venus 6'' z"' 22" A A 1^ 54'° o' 

Spiea I 13 32 I 55 o^ 

Arcfcuriia 251 M i 55 9 

Delisle'8 reduction is correct for clock H. Taking tlie mean of liis results, the 
apparent and meau times of contact of limbs of Jupiter and the moon will be: — 
First contact, apparent time 15'' 59™ ig'.i (eq. = — 3"" 47'-3) ™- *■ ~ ^5^ 55" S^'-^ 

Second contact, apparent time 16'' !"■ gl 1 ........ i5'57™2i'.8 

Whence local mean time for centre of Jupiter ........ 15 56"' 26°. 8 

1737, July 23, a. m. Occultatiou of 6 Tauri. 

Obs. Heinsios. Drlislu tiDda : 

Immersion of Star a (meriodionale) (prcc.) A 9'' 5™ 3SI' H (') 21'' 5'" 24' 12'' 59'" 36'.o 

Emersion of h northernmost, and A 9 38 8 H 21 37 53 13 30 o. 2 

a A 9 50 46 H 21 50 31 13 42 36.6 

For clocks. 

Jnly 21, Snn culm, mean of 10 pair corresp. altitudes 8" 2'" 28.7° H Interval 8^ o™. 

Euler's correction + 13-8 

True app, noon 82 42.5 

Clocks B — H 9 z^o 

True noon B 7 53 20.5 

Sun on gnomon, meridian 7 53 12.0 B 

Correction of gnomon +8.5 

Transit over sth wire of mnral sextant .......... 8'' 1'" 33I* A 

Correction (G. — S.) - ■ - + 42.5 

July S3. Sun on gnomon 7'' 43'" S°F ^^ o^' ^ (^) ^^ ^'^^^ ^ 

Sextant 8 9 4 A = 7I' 43" 9= B 

July 25. 10 pair equal altitudes, interval 7'' 59"' give 8'' 15'" 44^7 n 

Euler's correction 15.5 

App. noon 8 16 0.2 

Diff. clocks, B — H o 41 18.S 

App. noon clock B 7 34 4'4 ^ 

Meridian (gnomon) B 7 34 34-3 

Correction of gnomon ....:,.. +7-2 

24 75 AP. 2 
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RESEARCHES ON THE MOTION OF THE MOON. 
Chek-comparisons. 



July.,,noo». 


.„0i,. 


22 soir. 


23 a. m. 


23 noon. 


& m 


J 


/l w 


J 


-5 „; 


J 


A m 


^ 


k m 1 


S 5 


A 


2 7 


A 


7 50 


A 


9 53 


A 


8 13 A 


7 55 


56 B 


I 47 


25i B 


19 49 


471 11 


2i 52 


46 n 


7 47 5 B 


8 & 
[o 3 


53* C 

45i D] 


6 


46 C 
56 D 


7 50 


II N 


<i 53 


IQl N 


8 17 33 C 
4 485 D 




A 


9 56 


A 


11 4Q 

8 5 


31 E 
30 G 
18 H 
53 M 
35 N 


5 30 
2 3 
2 7 


54i E 
57i G 
4ii M 


7 30 
7 56 


224 B 
7i C 


9 39 

[ro 

9 56 


39 B 

I5i C]* 

54 M 


It 24 30 E 


3 14 A 


7 54 


A 


8 S 






11 47 


'5i D 


9 53 


A 


8 14 27* J 










II 13 


57 E 


I 51 


I D 


8 20 59f K 










7 54 


51 M 


I 16 


3'* E 


8 15 4 M 


7 56 


A 


9 59 


A 


3 16 A 










7 52 


40 G 


9 59 


13 J 


8 IS 55 H 










7 56 


■0 J 


9 55 


33i G 


8 16 a N 










11 56 


3ii K 









* Afterward retarded 1 



The clock-corrections Lave to be interpolated from tie noons of July 21 and 
July 23. The system of proceeding will be this: — Taking clock A as a standard, we 
shall find the errors of the other clocks for the comparisons nearest the occultations, 
on the supposition that A is correct. The mean deviation being supposed to arise 
from changes in the rate of A, the latter will be corrected, so that the result shall be 
that given by the mean of all the clocks. We have, first: — 



1 




Other Clocks. «««nj- A. etc. 














(I) 


(2) 






July 21,0. 3'> 5- A 


July 23.0, 8" 14™ A 


Comp. 


Obs. 


' 


CO.P. 


■ Otjs. 


.^ 


B 
C 
E 
G 
H 
M 
N 


+ 1 + 1 + + 1 


5 


- 25 55 
+ 4 3S 
+ 191 30 

- 3 58 

- 5 

+ 3 


3 


+ + + 1 +1 


- 37.5 
+ (67.5) 

+ 51-0 


+ 2,2 

- 13-1 
+ 6.3 


- 3 26,3 

+ 48. s 
+ 11.6 


+ 15-5 

- 26.3 

- 14.0 
+ 54-0 
+ 10.5 


- 2.3 
+ 2.7 

- 0.5 

- 13.9 
+ 5.2 



The 13 seconds by which C was thrown back is allowed for in columns A. The 
discordance of H seems to indicate that there is a mistake in its comparison for July 
23.0. The general result is that the rate of A agrees very nearly with the mean of 
the other rates, while the discordance of H and M are such that it is impossible to say 
whether the correction to the position of A for July 22.5 should be positive or nega- 
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tive. We shall therefore suppose the rate of A correct ; its corrections will be foiind 
as follows: — 

July 21. July 23, 

Clock times of 0's transit (true mer.) . 8'' 2"' 2415 S^ 9™ 53^3 

Mean times o'' 5"" 49^3 o'' s" 55',4 

Ciock-corrections +4'' 3'" 24'.8 s"* 56*° 2'. i 

At the time of the occultation, the difference of clocks A and H was i3'.3. It 

appears, therefoi-e, that Heinsius observed the occultations about i'.5 earher than 

Delisle. Taking the mean of the two observers, we have : — 



Clock-times by 


A 


9" 5" 


37' 


'.9 9' 38" 


7" 


.2 


9' 


50" 


' 45"-2 


Clock-corrections 


3' 57" 


44" 


'■0 3' 57" 


38- 


■9 


3'' 


S7" 


' 37M 


Mean times . 




13" 3" 


21' 


'•9 13' 35'" 


46- 


,r 


13' 


48" 


' 22",3 




1738- 


Jan. 


2. OecultatiOD of Aldebaran and tho Hjades. 






Immersion 


of/, instautarieous. 




t' Taurl. 










fl» Tauri. 


a obBeryera diff. Ij'. 


Sec, of 


' app. time 
















jh ^n, ,g. 


A 




18 




2- „» 4j- 






52 






I 11 45 


B 




■9I 




2 .. 3=1 






52 






6 26 2 


IJ 




18 




7 35 3+1 






5>} 






I 9 47J 

I 7 7 ■ 


G 
H 




.8J 




2 19 32i 
2 .7 4l 






54 
54 






I ro 28.S 


J 




18 




2 20 ,31 






52 






I 3 16 


K 




.81 




2 12 S9J 
+ ■' 






51 






Tho following 


; are tbe apparent tin 


168 


from the mean of all the clocks, supposing Delisle 



to have applied the righh « lock- correction ^— 
Immersion of / 6'' 15" 18. •'5 

8^ 7 34 52.0 -I' 
fl= 7 28 8.0 —1= 
Ahiebaraii 12 18 46.0 —0.5' Emers. 12'' 58"' 25=. Observer thinks right; buttbeotber 
Ml 8 46 16 observer is put down 10* later. 

1737. Nov. 25. 

Transit of sun, sextant 4'' 7"" 43'-i B 

g"omon 4 7 34 .5 B 

G. — S - 8 .6 

1738. Jan. 3. 

Transit of sun, sextant 7110'° 7=, 6 B 

guomon 6 59 59 .9 B 

G--S -7.7 

Febr, 25. Corre(;tion of gnomon from 6 pair altitudes ■ . -|- a'.? 

Marcb 19. " " " " . . +6 ,8 

Jan. 2, a. m. Transits with sextant. 

Spiea i\ 14™ 37' B 

Arcturus 2 6 5J 

.p.m. Algenib o 231^ 

Luc. T I 55 3 

I* Hyadum 4 7 42 

Aldebaran 4 23 41 

Sirius ..,,...-,,.,... 6 37 13 
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itSO RESEARCHES ON THE MOTION OF THE MOON, 

We have to adopt Delisle's apparent times. The eri'or of the gnomon is quite 
uncertain, so that the times are also uncertain. Applying the equation of time, 
which ranges from +4™ 45'.5 to -j-4'" 5210, we have for tlie mean times of the phe- 
nomena ; — 

71 Tauri, immersion, i 738, January 2 6*' 20™ 

^1 7" 29™ 38'- 

^3 ■ 7" S^-^SA' 

* m, B. A. C. 1391 (f) 8" SI" 3^ 

a Tauri 12'' 23" T,y' 



Em . 



Imiuersiou of/ H at 



1738. Pebr. 2, soir. 



Apparent time, mean of four olock.s ... 7'' 
But the gnomon is supposed correct. 
Sun on gnomon Febr. 2 9'' 



7 SS" 34" i'PP- 1. 



1738, Aug. 
1738, Octb. 



3. Oorrectiou of guomou 



+ 7'-3 
+ 5.6 



1-5" 



(2 observers.) 
Observer, HEiNsrus. 



, soir, occultation d'Aldebaran. 

Immersion, exact at 

Emersion 

1739, Octb. 24, matin, occultation de l'<)toile i dela sixieme grandeur que Mr. 1'lamstbbd appele 
la bor^ale des trois qui suivent le bras droit des Jumeaux. 
Immersion dans la partie eclairo de la 

liino ik 3I1 50^" 44" B 

Presqn'^ )a precision d'uue seconde. 

Moment precise de I'emersiou .... 5" i" 37'' B 
1739, Oetbr, 25, matin. Immer6ion5Cancri(withiu i see.) 3'' 24™ 58= B 
Emersion, instantaneous ... 4 31 33 ]'> 
A. midi I'on a commence ^ observer aujourdhui le passage du soleil & uuo uou- 
velle msiridieune fllaire trac6e dans le grand observatoire sup6rieure, peudule 

K comme il suit o" 12" 40^^ Mean of 2. 

o 14 sgS. 






2 ig.s 
The usual gnomon ij sec. earlier ... o 13 50,0 
Marcli 25, soir, immersioo ■/) Caucri o'' 7"" 54' K (2 observers agree exactly). 
1741, Marcli I. Oor. to meridian (gnomon) per double 

altitudes + i|* 

April 35 + 6J 

Merid, suporieure + 1.3 

July II. Inf. + ii.o 

Snp +3.9 

Applying +7^o for correction of gnomon, we find the correction of clock Gr on 
mean time to be: — 

August 8. At S^ 55^" 2i'.7 of Gr, corr. = +3'' 9™ 49^.6 

9. At 8'' 58'" 4o'.2 of Gr, corr. = +3'' 6™ 23'.4 

The clocks appear to agree so well that no reduction of the others is necessary. 
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There is, however, an obvious mistake of 4' in the time of immersion of Aldebaran, 
as given by Gr. Interpolating clock-correction, we have the following local mean 



1738, Augusts. 



Immersion of 7 1 Tauri . 


. . 15" 3" Io^o 


Emersion of 71 Tauri . 


■ ■ IS*" 59" 5'-9 


Immersion of 6-^ Tauri . 


. . 16'' 21™ 5o'.7 


Immersion of 6^ Tauri . 


. . i6'^22" 7".7 


a Tauri . 


. . 21" 18" 5=4 


Immersion of a. Tauri . 


. . 22^ 7"49"-3- 



POSITIONS OF THE MOON FROM HANSEN'S TABLRS, USED IN COMPAEING THE 
PRECEDING OBSERVATIONS WITH THEORY. 

When a number of places of the moon are to be computed, several modifications 
may be made in the use of the tables, whereby the labor of computation will be 
diminished. 

(i) Omission of terms unimportant on account of their minuteness. 

The older observations are so far from exact that there is no advantage in carry- 
ing the computation of the Fundamental Argument to the last degree of precision. 
Portions of the double-entry tables may, therefore, be omitted in comparing such 
observations with theory. The minuter terms are those contained in the twenty-seven 
tables of double-entry; all or a part of these tables may bo omitted with the following 
results: — 

If the twenty-seven double-entry tables, XII to XXXVIII, are all omitted, and 
the sura of their constants, 0.0022240, substituted, the probable deviation of the com- 
puted longitude from that given by a rigorous computation will be i i3"-6 

If the seventeen tables, XXII to XXXVIII, are omitted, and the sum of their con- 
stants, 4290, substituted, the probable deviation will be zh.'^"-7- 

If the nine tables, XXX to XXXVIII, are omitted, and the constant, 1 140, sub- 
stituted, the probable deviation of the result will be zto".85.* 

(2) Modifications when many places of the moon are to be computed. 

These modifications refer principally to the formation of the arguments, and the 
introduction of the terms of long period. They are applicable when places of tlie 
moon are required for a series of dates in which there is no interval greatly exceeding 
a year. The following is a description of the method of forming the arguments actu- 
ally adopted for the years after 1632. 

The dates were divided into groups of not more than ten or twelve, except in 
cases where a number of dates were crowded together, when the number might be a 
little greater. A group always had to terminate when an interval of much more than 
one year was encountered. When no such interval occurred for several successive 



* It is to be remiirkeii that In cases where an approsimate position of the n 
using HAtlSEN's Tables, wi!h the omission of the smaller terms (always taking car. 
tables), is much belter than that of using the older tables, the elements of which ai 



jon is required for any purpose.lhis plan 
to include the constant terms of the omit; 
I affected with unknown systematic errors. 
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groups, the same date was taken as the last of one group and the first of the group 
following. 

All the arguments were then computed for the limiting dates of each group in the 
usual way. Those of single entry, including g for the intermediate dates, were then 
found hy adding to those for each date the interval in days between that and the date 
next following, and subtracting the greatest number of entire periods contained in the 
sum. The double-entry arguments are constant for each period of g, and change by 
a definite amount for every new period. To pass from those for one date to those for 
the date next following, it was only necessary to add or subtract a number depending 
on the number of periods of g which had terminated during the interval. To enable 
this to be done with the least labor, and risk of error, a long slip of paper was prepared 
for each number of periods of g. On the bottom of each slip was written, in regular 
order, tlie quantity by which each argument increased during the number of periods 
corresponding to the slip, On the opposite side and edge of the slip were written, in 
red ink, the complements of these numbers; that is, the quantities by which they fell 
short of one period of the argument. Then, to pass from the values of the arguments 
from one date to those for the succeeding one, the number of entire periods of g which 
had been subtracted was noted, and the con-esponding slip taken. Being laid over 
the row of arguments, the red numbers were first subtracted in all cases where they 
were less than the argument. Then, turning the slip over, the black numbers were 
added in all the remaining cases. 

When the end of the group was reached, the series of arguments thus obtained 
was compared with those derived by direct computation; and if they agreed, which 
was nearly always the case, tiie intermediate arguments were all considered correct. 
The only way in which they could be erroneous would be by two opposite and equal 
errors entering into the same series. The computer who formed the arguments in this 
way was the Rev. Parker Phillips, whose conscientiousness and accuracy were such 
as to inspire entire confidence in his work, 

(3) Terms of long period produced hy Venus. 

The variation of these terms is so slow and regular that it is much easier to include 
their sum in the original computations of the arguments tlian to compute and add 
them for each date. Their sum was, therefore, computed for the beginning of every 
tenth year, and intei-polated to every year, as shown in the next table. Their product 
by the proper factors to form the corrections to Arguments 32 and ^2i w^s also com- 
puted, and included in the same table. These arguments are farther to be corrected 
on account of the terms of long period corresponding to Arguments 28 and 29; but 
the error from omitting these terms is so small, scarcely o". 1 in the mean, that they 
have been neglected. In place of them, the constant quantities -|- 200 and -f 186 have 
been included in the table. 

The addition of these corrections to the three leading arguments necessitates a 
correction corresponding to their change during the interval between two consecutive 
dates, to be applied to that interval in order to find the total change of the argument. 
The amount of this change for 100 days in units of the last place in the argument is 
tabulated, and shown in the table next following that last described. 
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The explanation of the several parts of the table is as follows: — 

Column A g gives, for the beginning of each year, the sum of Hansen's Venus-terms 
of long period, as derived from Tables XLI and XLIT, Arguments 30 and 31, without 
any modification. 

The precepts of the'tables direct that Arguments 32 and 2,^ be con-ected by the 

sum of the four Tables XXXIX to XLII inclusive, multiplied by the factors o. 1 1 545 

and 0.10717 respectively. The sum of the first two tables differs so httle from that of 

their constants, 1735, that we may use the latter; we have therefore put 

A 32 =0.11545 (A ^+ 1735) r= 0.1 1545 A ^-1-200 

A33 =0.10717 (A(/-i- 1735) =0.10717 Ag-\- 186. 

Arguments 32 and iZ ^^^ to be corrected by these quantities respectively. 

The change of g between two consecutive dates vanes, not only in consequence 
of the variation of A g, but of the secular acceleration. The change of the variation 
in the seventh decimal place of g for 100 days, in order to reduce it to the adopted 
period corresjionding to the epoch 1800, as arising from both these sources, is as 
follows: — 



Date. 


Secular 


Venus 


Date. 


Secular 


Veaus 


Terra. 


Terms. 


Term. 


Terms. 


16.0 


-103.31 


- 4-II 


1710 


- 51-72 


+ 30.62 


1630 


- 97 


53 


+ 4 


06 


1730 


- 45.98 


+ 24-85 


1640 


- QI 


S5 


+ 13 


23 


1730 


- 40.24 


-f I7-II 


1650 


- 86 


12 


+ 19 


93 


1740 


- 34-49 


+ 3.04 


1660 


- 80 


39 


+ 26 


50 


1750 


- 2S,74 


- 1-71 


1670 


- 74 


66 


+ 31 


61 


!76o 


- 22. gi) 


- 11.64 


1680 


- 68 


93 


+ 34 


79 


1770 


- 17-25 


- 21.10 


1690 


- 63 


19 


+ 35 


70 


1780 


- 11.50 


- 29.46 


1700 


- 57 


^6 


+ 34 


30 


1790 


- 5-75 


- 36-09 


1710 


- 51 


72 


+ 30 


62 


1800 


0.00 


- 40.50 



The sum of these terms, intei-polated to the beginning of each year, is g^ven in 

the table as - ■ , while the corresponding tei-ms for correcting Arguments 32 and 33 

follow. To find the change of g and of Arguments 32 and 2,2, between the epochs 
t and t-\- \t, it is necessary to take out the values of these three derivatives for the 
time ( + ^ A i, when we shall have : — 

Change of Arg. = Ai -| . ^ " — i X Period; 

100 Uit 

it being remarked that the second term is given in units of the last place of decimals. 
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31 


3304 


32 


3322 


33 


3343 


34 


336S 


35 


33g6 


36 


342S 


37 


3464 


36 


35"3 


39 


3545 


1640 


3590 


Al 


3637 


42 


3fiS6 


43 


3738 


44 


3793 



- 36.5 

35-7 

- 34.9 
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Date. 




DifF. 


a 32 


i33 


dt 


1 

rfi32 

dt 


'£i3_3 


1680 


7351 




1049 


973 


- 34-' 


"7Z 


+ 1.9 


81 


7480 


129 


1.^4 


987 


33.4 


3.1 


1.9 


.82 


7609 


129 
130 
130 
I3t 


1079 


1001 


32.6 


8.1 


2.0 


83 


ITi'i 


1094 


1015 


31.9 


8.! 


2.0 


84 


786g 


110.^ 


1029 


31.2 


8.1 


2.0 


85 


8000 


1124 


1043 


30-5 


8.0 


2.0 


86 


S131 


'31 


1139 


"057 


29.9 


8.0 


2,0 


37 


8262 


131 


"54 


1071 


29-3 


7-g 


2.0 


83 


8394 


132 


1169 


1085 


28.7 


7-9 


2.1 


89 


8526 


132 


1183 


1099 


28.1 


7.8 


2,1 


1690 


8653 


132 


1200 


1113 


- 27.5 


+ 7.8 


+ 2.1 


91 


S789 


131 


1215 


1127 








92 


8920 


131 


1230 


11^2 








93 


9051 
9312 


131 
130 


124s 
1260 

1275 


1156 
1170 
1184 






; ; 


96 
97 


9442 
9571 


130 
129 
129 


1290 
1305 


II98 








98 


9700 


1320 


1226 








.699 


9828 


128 


1335 


1240 








1700 


9956 


1349 


1254 


- 23.2 


+ 7.3 




ot 


.M83 


126 
124 


1364 


1263 


22, S 


7-3 


2.1 


02 


10209 


1378 


1281 


22.5 


7.2 


2.1 


03 


10333 


1393 


1295 


22.2 


7.2 


2.0 


04 


.0456 


123 


1407 


1303 


22, 


7-> 


2,0 


OS 


10578 




1421 


1321 


21. S 


7.0 


2.0 


06 
07 


10698 
io3i6 


"s 


1435 
1449 


1334 
1346 


21.6 


6.9 
6.9 


1.9 


08 


10533 


117 


1462 


135S 


21.3 


6,8 


1.9 


09 

171O 


1 1048 
11161 
11274 


"3 
113 


1475 

r488 
1500 


1370 

1382 
1394 


E'; 


6.7 
6.6 


1.9 

1.9 


13 


1138S 
11495 


109 


1513 
1526 


1406 
1417 


21.1 


6-4 
6.3 


I'a 


15 


1 1 602 
11707 


i05 


1538 
1551 


1423 
1439 


2l!o 


6.2 
6.1 


r.7 


16 


I1B09 




1563 


1450 


21.0 


6.0 


1,6 


17 


1 1 909 


97 
95 
92 

87 


15:4 


1461 


21.0 


5.9 


1,6 


18 


12006 

12193 
12282 
12369 


1585 
I59l> 
1607 
1617 
1627 


1471 
1481 
149 1 
1500 


21.3 


5.8 
5-7 
5.6 
5.5 
5-1 


1.5 
r.3 


23 


12453 
I2S35 


82 


1637 
16.(7 


1519 


21.4 


5-2 


1-3 


25 


12615 


" 


1656 


1537 


21.6 


5-1 


r.2 


26 


12692 


77 


1665 


1S45 


22.0 


5-0 


i.i 


27 


12767 


75 


1673 


1553 


22.2 


4.8 


I-O 


28 


12339 


69 
66 


1682 


1562 


22.5 


4.7 


I.O 


■'" 


12908 


16^ 


1569 


- 22.8 


4- 4-6 


-^ 0.9 1 

.1 
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Dalff. 


'^i' 


Diff. 


^32 


i 33 


^A,i. 


rfi32 


^^33 


1730 


12974 


1697 


1576 


- 23 


1 


+ 4.4 


+T7 


31 


13035 




1 70s 


15S3 


23 


4 




■3 





8 


32 


13093 




1711 


1590 


23 


7 




.2 







33 


13:48 


1718 


1596 


24 














34 


13200 




1724 


1601 


24 


4 




•9 







35 
36 


13249 
13254 


1730 
1735 


1607 
1612 


25 


7 




-7 
,6 


I 




37 


13336 




1740 


1616 


25 


3 




.4 







38 


13374 


1744 


1620 


25 


7 




■3 







39 


13410 


1748 


1624 


26 







.1 


+ 




1740 


13442 


1752 


[627 


26 


4 




.0 







4" 


13470 


1755 


1630 


26 


a 




■9 


- 




42 


134Q4 




1758 


1633 


27 


2 




,8 







43 


13513 




1760 


1635 


27 


6 




.6 







44 


13532 




1762 


1637 


2S 







■5 







45 


13546 


.764 


1638 


28 


4 




•3 







46 

47 


13556 
13563 


+ 3 


1765 
1766 


.641 


29 


3 


2 


■■ 


^ 




48 


.3566 


1766 


1641 


29 


7 




-8 







49 


13565 




1766 


1640 


30 


I 


I 


7 







1750 


1356' 


1765 


1640 


30 


5 


I 




I 




51 


13553 




1764 


1639 


30 


9 


I 




I 




52 


13541 




1762 


1638 


31 


3 


I 




1 




53 


13526 


19 
23 
26 


1760 


1636 


31 


8 


1 




1 




54 


13507 


1758 


1634 


3= 


2 







I 




55 


13484 


1756 


1631 


32 


6 







I 




56 


13458 


1753 


1628 


33 










I 




57 


13428 


34 
37 
42 
45 
43 
52 


1750 


1625 


33 


4 







I 


6 


58 


13394 


1746 


1621 


33 









I 


7 


59 


13357 


1742 


1617 


34 




+ 




I 


8 


1760 
61 


13315 
13370 


1737 
1732 


1612 
1608 


34 
35 


6 


- 




J 


9 


62 


13222 


I7J7 


1603 


35 









2 





63 


13170 


1721 


1597 


35 









2 




64 


13115 


59 
62 
66 
69 

72 
76 

83 
86 
89 


1715 


159' 


36 


I 







2 




65 


13056 


1708 


1585 


36 


5 







2 




66 


12994 


1701 


157S 


36 


9 







2 




67 


12928 


1693 


1571 


37 


2 






2 




68 


12859 


1685 


1564 


37 


6 






2 




69 


12787 


1677 


1557 


38 


n 






2 




1770 


12711 


1668 


1549 


38 


3 






2 




7' 


1=631 


1658 


1540 


38 


6 






2 




7S 


12548 


1649 


'531 


38 


9 






2 


8 


73 


12462 


1639 


1522 


39 








2 


9 


74 


12373 


1629 


1512 


39 


5 


2 




3 





75 


12281 


92 


i6i3 


1502 


39 




2 




3 





76 


12186 


95 
98 


1607 


1492 


40 




2 




3 


I 


77 


12089 


1595 


1481 


40 




2 




3 


2 


78 

79 

1780 


11987 
11383 
1 1776 


104 
-107 


1584 


1471 


- 40 


6 






- 3 


3 
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The teiina omitted were as follows :— 

For all tlie Arabian observations and for those of Ptoij'Imy, all the double-entry 
tables were omitted. 

From 162 I to i566, Tables XXII to XXXVIII of double-entry were omitted. 

In all cases of such omission, the sum of the constants included in the tables 
was added. 

From 1671 onwai-d, all the tables were included. 

Still another moditication consists in the omission of the nutation. Since the 
comparison of the place of the moon with that of the sun or star was made in lon- 
gitude, the equinox to which each was referred was indifferent ; the mean equinox of 
the date has therefore been chosen. The nutation terms bein^ given in Tables "VII 
and IX of Longitude Vrai, these tables were omitted, andthe sum of the constants, 
o°.00550, substituted. 

After the formation of the arguments, the computations of longitude, latitude, 
and parallax were made in duplicate by two independent computers, and the work 
was then compared by myself Where differences of importance were found, the 
computer who was wrong corrected his work without reference to that of the other. 
That these precautions have secured absolute freedom from en-or cannot be asserted. 
Discrepancies of various sorts, which developed themselves in the final results, led to 
the discovery of some errors which escaped all the preliminary examination, and 
which are worthy of mention as affording hints to others. In one instance, an error 
of 20 days in forming an argument, though marked as wrong, failed to be corrected. 
About half a group of latitudes (dates 83 to 91) were in error from this cause. In 
another instance, some inadvertence in attempting to correct an cri'or led to a common 
error in two computations. In a third instance, a typographical error in the tables led 
to both computations of longitude being wrong by about 20".* 

This last source of eiTor is that which I now most fear. Through some over- 
sight, some of the volumes of tables used by the computers did not have the typo- 
graphical errors corrected. Such errors in the longitude, if important, will admit of 
detection where two longitudes with the different variations are computed for the same 
day; and it was by comparing the difference of two longitudes with the variations 
that the mistake above mentioned was found. 

■,iue anil Arts for September, 1870, the occuUation of Alde- 
The difficulty arose from a typogriipliical error of l' in the 





• In my preliminnry paper in the American Journal of Sc 


baran 


on 1680, November 7, appears as unatx 


rauiitablydiscorilant 


Ubuli 


ir principal tffrm of latitude. 
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Sun's Geocentric- 


Moon 


s Geocentric- 




Year. 


Date. 


Greenwich 
Mean Time. 










Paral- 
lax. 


Longitude. 
Mean Equin. 


Semi- 
diam. 


Longitud 
Mean Eqn 


n. 


Motion in 

0^.01, 


Latitude, 






A m s 


„ . „ 








, . 






- 720 


Mar. 19 


S 


351 31 30- 4 


15 57 


170 59 20 


9 


7 34-32 


+ " 3 39 


55 44 


- 719 


Mar. 8 


8 


340 41 49-4 


16 


160 30 21 




7 & 


02 


+ 46 42 


53 55 


- 719 


Sept, I 


3 


150 54 28.0 


16 


329 55 25 




9 4 


97 


- 37 45 


61 10 


- 620 


April 21 


13 


24 23 36.8 


15 49 


204 16 11 





7 6 


78 


+ 52 50 


54 2 


- 522 


July 16 


8 


106 33 14.6 


1548 


286 37 12 




7 n 


10 


- 40 53 


54 14 


- 501 


Nov. 19 


S 


231 54 14,6 


ifi 16 


SI 46 47 




7 5 


02 


+ 50 43 


53 51 


- 490 


April 25 


700 


28 31 25,9 


15 49 


207 55 48 




8 7 


91 


+ I I 36 


57 48 


- 382 


Dec. 22 


le 


267 I 57.5 


16 17 


86 46 52 




8 42 


95 


- 57 49 


59 52 


- 381 


June 18 


400 


So 37 49.9 


15 45 


259 47 




7 10 


34 


+ 46 28 


54 11 


- 381 


Dec. 12 


600 


256 9 56.4 


16 17 


75 'a 47 




9 8 


24 


- 2[ 10 


61 20 


- 200 


Sept. 22 


5 


176 041.3 


16 4 


356 20 25 




7 23 


60 


+ 33 22 


55 22 


- 199 


Mar. . ig 


800 


355 22 22.6 


15 58 


173 56 22 




8 16 


66 


-1-0 4 54 


58 19 


- r99 


Sept- .1 


10 


165 I 43.1 


16 2 


343 55 3 




8 19 


93 


+ 007 


58 30 


- 173 


April 30 


to 


35 40 6.5 


15 49 


214 45 55 




9 4 


43 


- 35 42 


61 5 


- 140 


Jan. 27 


6 □ 


304 31 56.5 


l6 12 


123 26 23 




9 8 


10 


+ 46 34 


61 20 


+ .25 


April 5 


' b n 


14 16 II. 9 


15 54 


194 2 33 




3 r8 


60 


+ 57 26 


58 26 


'33 


May 6 


8 


44 II 33.5 


15 48 


223 56 3 




7 20 


03 


- 25 40 


54 50 


134 


Oct. ao 


800 


206 15 6,2 


16 11 


25 54 53 




7 33 


38 


- 26 45 


55 40 


136 


Mar. 5 


12 a 


344 3fi 35.8 


16 2 


163 51 50 




8 53 


27 


- 53 II 


60 23 


E29 


No^'. 29 


16 36 14 


25237 t-4 


16 15 


251 37 35 




7 51 


53 




56 54 


Bag 


Nov. 29 


18 26 54 


252 41 43.2 


16 15 


252 33 3 




7 52 


27 


+ ,e 49 


56 56 


334 


Aug. ,1 


12 I 7 


142 35 22.2 


15 52 


321 40 19 




8 48 


28 


+ 18 14 


60 16 


R56 


June 21 


12 2r 58 


94 10 35-2 


15 45 


273 34 30 




8 IS 


06 


- 45 12 


58 .4 


923 


June I 


6 S'' 33 


74 43 21.5 


15 46 


255 29 51 




8 37 


30 


- 43 50 


59 34 


923 


Nov. 10 


16 21 8 


233 26 48.7 


16 14 


232 37 16 




9 4 


21 


+ 32 23 


61 16 


9^3 


Nov. 10 


17 32 32 


233 29 49-5 


16 14 


233 22 23 




9 4 


07 


+ 28 14 


61 n 


925 


April, ir 


2 38 36 


26 7 56.1 


15 54 


204 16 <6 




3 25 


73 


+ 36 51 


53 57 


925 


April II 


7 47 49 


26 20 32.1 


15 54 


207 »8 22 




8 27 


80 


+ 20 2 


59 (> 


927 


Sept. 13 


12 50 46 


175 II 58.9 


16 


354 23 43 




9 5 


48 


+ SI 14 


61 17 


928 


Aug. .7 


15 29 29 


149 36 57.7 


'5 53 


149 7 3t 




7 5" 


39 


- 13 10 


56 54 


929 


Jan. 27 


8 s 32 


313 H 7-1 


16 13 


131 48 27 




3 30 


55 


4- 30 37 


59 17 


933 


Nov. 4 


'3 17 45 


227 48 52.7 


16 13 


46 54 43 




7 14 


45 


- 5 53 


54 3» 


.977 


Dec. 12 


18 19 '2 


267 1 39.0 


16 17 


265 49 




9 f> 


65 


+ 35 14 


61 2S 


977 


Dec. 12 


20 3h 10 


267 7 23.7 


16 17 


267 16 6 




9 6 


38 


+ 27 16 


61 25 


978 


June 8 


22 2? 


81 48 51.6 


15 45 


81 53 28 




7 & 


24 


- 6 10 


53 57 


978 


June 8 


2 42 13 


8r 54 24. 5 


15 45 


83 7 17 




7 5 


97 


-f 16 


53 58 


979 


May 14 


5 52 


57 56 59-6 


15 48 


238 51 9 




8 18 


24 


+ 32 26 


58 31 


979 


May 28 


4 12 58 


7. 15 6.9 


15 46 


71 47 32 




7 36 


34 


+ 39 3 


55 55 


979 


Nov. 6 


8 3 40 


229 27 8.9 


16 13 


48 42 43 




8 18 


33 


- 37 36 


58 34 


979 


Nov. 6 


11 18 


229 35 21.4 


16 13 


50 34 49 




3 17 


20 


- 27 15 


58 28 


9S0 


May 2 


14 26 


47 31 15.6 


15 49 


228 24 21 




7 28 


20 




55 26 


981 


April 21 


13 28 


36 39 5fi.3 


'5 52 


216 14 56 




7 5 


32 


- 45 50 


53 55 


98 ( 


Oct. 15 


14 7 


208 I 33.9 


16 8 


27 24 21 




9 2 


06 


+ 46 36 


61 7 


983 


Mar. I 


9 55 


346 13 1S.5 


16 5 


165 18 39 




838 


20 


+ 31 50 


59 42 


983 


Mar. I 


13 40 


346 22 36.4 


16 5 


ifi7 33 27 




836 


75 


4- 19 24 


59 35 


985 


July 20 


3 56 30 


123 17 35.7 


15 47 


122 43 17 




8 10 


32 


+ 15 4 


53 ' 


98s 


J.,Iy 20 


4 18 13 


122 20 51.7 


15 48 


123 29 43 




8 10 


89 


4- 10 50 


53 3 


9E6 


Dec. 18 


14 53 


272 49 I.O 


16 17 


92 16 49 




7 5 


90 


+ 30 16 


53 58 


990 


April 12 


7 42 


27 34 15.2 


15 54 


206 43 56 




7 6 


IS 


- 37 29 


53 59 


990 


April 12 


II 4 


27 42 24.7 


15 54 


200 23 26 




7 5 


94 


- 23 17 


53 59 


993 


Aug, rg 


17 36 5 


151 54 39-6 


15 53 


150 28 33 




q 2 


40 


+ 5 17 


61 4 


1002 


Mar. I 


9 41 18 


346 35 57-9 


i& 5 


165 37 27 


9 


9 8 


07 


- 12 7 


61 27 


1004 


Jan. 23 


I 51 


308 43 17-5 


16 14 


2g6 1 56 


8 


8 32 


44 


- I 2 7 


59 =0 


1004 


Jan, 24 


I 51 


309 44 2.2 


16 14 


310 9 24 


9 


8 23 


57 


4- 15 51 


58 50 
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No. 


Date. 


Greenwich Mean 


Geocentr 


c Molion in 


Geocentr 


c Molion in 




Motion 


Time, 


Long, of Mo 


on. 0^,01, 


Lat, of Mo 


n. 0^,01, 


Parallax 


in 0^,01, 


J 


1621, May 20 


iS 39 34 


■7774768 


59 5 58 


7 7 53.11 


+ 45 26 


4 - 43^i9 


56 58,5 




2 




21 5 10 


,8787879 


60 25 46 


4 7 54.05 


+ 038 8 


I - 43 


38 


■57 I 


9 






3 


1623, July 5 


9 24 16 


■391S519 


198 24 43 


4 8 18, 02 


- 47 52 


7 + 43 


42 


58 42 








4 


1627. June 17 


10 8 14 


.4223S43 


144 51 53 


2 7 51-53 


4- I 25 49 


9+40 


95 


57 5 








40 


'■ Sepl.iS 


10 29 20 


-4370371 


278 37 23 


8 7 19-99 


+ 2 26 51 


8-34 


76 


55 8 








5 


,1630. June 10 


448 


.2O000OO 


79 ' 13 


7 3 5.21 


+ 32 57 


7+44 


54 


57 42 








6 


" 


7 12 


, 3CX)00(X) 


80 22 11 


4 8 6.25 


4- 40 22 


9+44 


49 


57 46 








7 


1632, Feb. s 


i5 


,6250000 


136 25 3 


7 58.98 


+ 4 58 21 


5 - 4 


52 


57 6 








8 


1633, Feb. 14 


IT 20 4 


,4722685 


46 6 19 


3 7 "■22 


+ a 18 38 


6+35 


28 


55 20 








9 


■' Apr. S 


4 48 


,2000000 


20 7 46 


5 7 53^90 


+ D 12 4 


5 + 43 


74 


57 I 








lO 


1634, Dec. 30 


5 43 44 


.2387037 


54 24 14 


8 8 11.76 


-H 4 46 35 


3 + 14 


18 


58 








II 


1635. Aug. 26 


9 24 22 


■3919155 


316 31 29 


9 8 37.00 


— 1 26 4 


5 + 45 


97 


59 35 








12 


1637, Mar. 29 


900 


.3750000 


55 14 22 


7 8 33,44 


+ 4 38 12 


3 ~ 17 


99 


59 35 








13 


1633, Jan. 24 


7 17 49 


.3040394 


54 34 6 


4 8 17,34 


+ 4 7 54 


9 - 28 


45 


5« 33 








14 


" Dec. 20 


16 7 43 


.6720139 


90 33 16 


8 S 32,60 


- 15 9 


0. - 47 


36 


59 20 








'5 


1639. Apr. 7 


9 21 


■3752431 


67 33 17 


6 7 36,62 


+ I 7 55 


4-39 


45 


56 6 








i6 


■• June I 


3 3fi 


,1500000 


70 37 53 


7 50.59 


+ 43 53 


6 - 42 


99 


56 49 








17 




600 


,2500000 


71 56 22 


8 7 51.67 


+ 36 43 


3 - 43 


19 


56 53 








i;fl 


1641, Apt. 13 


8 3 43 


-3359143 


^3 55 47 


3 7 5^41 


- I 58 40 


0-36 


37 


54 I 








18 


1644, Nov. li 


15 36 


.6500000 


66 15 43 


3 9 4^03 


- 5 36 


6 + I 


70 


(xi 55 








'9 


1645, Aug, 21 


000 


.0000000 


148 42 39 


6 8 7.g4 


+ 51 18 


0+44 


41 


57 52 








20 




3 


.1250000 


150 24 10 


S 6,94 


+ I '0 31 


5 + 44 


07 


57 48 








21 


'■ Oct, 7 


15 


,6250C^ 


51 21 48 


1 8 52.87 


- 5 4 6 


I + 3 


o3 


60 20 








2In 


■■ Ocf. 8 


12 


,5000000 


64 6 43 


9 8 4g,o6 
















2li 




15 


,6250000 


66 6 7 


5 S 48,26 


- 4 49 3 


7+14 


86 


60 4 








22 


[647, Jan, 20 


14 24 


. 6000000 


123 56 43 


9 9,47 


+ r 6 32 


9 +.49 


66 


6r 28 








23 


■■ Apr. 12 


lo' 


.4166667 


119 30 52 


4 8 28.18 


-H I 7 14 


6+43 


68 


59 17 








24 


1652, Apr. 7 


21 36 


.9000000 


18 36 33 


8 48.80 


-f- 43 31 


2 + 48 


40 


60 17 








25 


'■ Apr, 3 


000 


,0000000 


20 4 37 


8 48.08 


+ 51 24 


3+48 


11 


60 14 








26 


i654,Aug,ir 


20 


■S333333 


138 21 50 


1 8 24,32 


+ 36 22 


6-46 


22 


58 51 








27 


" 


22 24 


.9333333 


139 45 47 


6 8 23,28 


+ 28 40 


i - 46 


36 


58 47 








28 


ifiS&Jan, 26 


30 


.0203333 


306 3 52 


3 7 4-33 


+ 47 56 


6+38 


83 


53 56 








2g 




2 54 


.1208333 


307 19 35 


1 7 4.30 


+ 55 24 


3 + 3S 


66 


53 56 








30 


" Mar. I 


7 20 9 


.3056597 


44 7 19 


2 7 44.94 


+ 4 54 8 


4-12 


55 


56 29 








31 


1658, Oct. 14 


9 52 6 


.4111806 


61 25 33 


8 7 4,01 


+ 086 


6-38 


48 


54 2 








32 


1660, Apr, 26 


J3 23 51 


.5582292 


23S 3S 39 


5 8 21,52 


+ 2 8 30 


I + 42 


28 


58 40 








33 


■■ June 17 


9 fli 39 


■4039236 


199 32 


9 7 41-30 


- I 16 33 


8+40 


01 


56 30 








34« 


i66i,Mar. 29 


21 


.8750000 


9 36 33 


8 8 59,10 


+ 37 16 


9-49 


48 


60 51 


9 






34^ 


" 


2324 


.9750000 


11 6 20 


2 a 58.50 


+ 29 


8 - 49 


54 


60 49 


8 






34 


■' Mar. 30 


21 1 


.8750000 


24 28 26 


1 8 50,64 


- 045 6 


6-48 


65 


60 24 


6 






35 




23 24 


.9750000 


25 56 45 


6 3 49.52 


- 53 30 


3 - 48 


24 


60 20 


7 






36 


" Aug-. 3 


7 15 


.3020833 


227 8 42 


2 7 25.10 


+ 395" 


3+31 


35 


55 28 


4 






37 


1663, Mar. 14 


3 


■3333333 


62 33 20 


6 8 37^57 


- 5 13 51 


- 5 


63 


59 33 


8 






3S 


" Aug. 18 


8 57 


. 333993 r 


325 32 18 


9 7 41-56 


+ 028 5 


2-42 


46 


56 16 


5 






39 




3 50 52 


-3686574 


325 58 59 


I 7 41.92 


+ 25 26 


0-42 


57 


56 17 


7 






40 


ififij.Mar. 31 


8 25 


■3506944 


65 40 39 


2 8 28.75 


- 4 55 29 


4+13 


18 


59 I 


5 






41 


i6&6July I 


17 36 


-7333333 


99 13 35 


7 58.12 


■f 20 14 


2 + 44 


01 


57 17 


4 






42 




20 


.8333333 


!oo 33 20 


2 7 59-12 


+ 27 34 


9+44 


07 


57 21 


1 






43 


i67i,Mar. 14 


7 46 


.3236111 


46 28 53 


4 8 45.24 


+ 3 35 31 


6 + 35 


52 


60 7 


6 
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No. 


Date. 


GrecDwich Mean 
Time. 


Geocentri 
Long, of Mo 


Motion in 
a. od.oi. 


Geocentric 
Lai, of Moon, 


Motion in 

o'l.oi. 


Mo 
Parallax. .^ j. 


.'" 




i67i.Mar. 14 


A III s 
B 37 


.3590278 


46 59 53 


3 8 44.81 


+ 3 37 37 


J 


+ 35.24 


60 6.3 




45 


" Apr. 22 


g 2g 


■3951389 


198 38 41 


2 7 5.02 


- I 21 13 


2 


- 37 


49 


53 59 


5 




46 


" 


lo 3g 


.4437500 


199 13 6 


3 7 5^02 


- I 24 15 





- 37 


41 


53 59 


2 




47 


■' May 3r 


14 21 


■ 5979167 


348 27 34 


7 8 ig.36 


- I 6 46 


2 


+ 43 


20 


S3 47 


2 




48 


1672, May 18 


18 24 30 


.7670139 


320 33 46 


2 7 2g.o6 


- I 50 16 


8 


+ 36 


84 


55 46 


I 




n 




20 3 30 


■8357639 


321 25 5 


9 7 29. 86 


- I 46 2 


1 


+ 37 


22 


55 49 


. 




50 


" Aug. 2 


10 18 20 


.429393s 


246 54 50 


5 7 7^97 


- 5 13 26 


2 


+ 


l3 


54 10 


a 




51 


" Sept. 25 


10 7 36 


■4219445 


238 50 21 


1 7 16^61 


- 5 10 27 


3 


- 4 


88 


54 41 


6 




52 


■' Nov. 5 


ri 30 


.4791667 


54 52 19 


4 8 56.47 


■^- 4 58 I 


2 


+ 6 


37 


60 29 


8 




■ 53 


1673, Mar. 22 


700 


.2Q16667 


55 35 37 


6 8 18.06 


+ 5 10 S3 


3 


+ 


66 


S3 23 


2 




54 


1674, Aug, 23 


.236 


.5250000 


54 25 9 


4 7 33-17 


+ 4 42 45 


4 


- 17 


43 


55 51 


8 + 


■45 


55 




1348 


.5750000 


55 2 57 


5 7 33^7i 


+ 4 41 20 


9 


- 17 


35 


55 54 


2 




sfi 


i675,>n. II 


7 


.2916667 


Ml 34 22 


8 26.16 


- 6 35 


2 


- 46 


S3 


58 57 


6 




57 




8 12 


.3416667 


I IB 16 34 


3 8 26.77 


- 10 29 


4 


- 46 


87 


58 59 


3 




53 


" June 22 


16 


. 6666667 


9046 a 


8 7 43.89 


+ 56 49 


6 


- 42 


09 


5624 


7 




59 




17 12 


, 7166667 


91 24 43 


a 7 44.26 


+ 53 18 


8 


- 42 


IS 


5626 


3 




60 


1676, Feb. 29 


10 22 57 


.4326042 


169 3 17 


1 8 38.29 


- 4 56 59 


6 


- 7 


80 


59 25 


8 




61 




II 20 3 


.4722570 


169 37 32 


6 3 33.62 


- 4 57 31 


9 


- 7 


42 


59 26 


9 




62 


" Mar. 18 


7 16 as 


.3031019 


47 50 


3 7 5.74 


+ 3 9 51 


I 


- 29 


00 


54 7 


'^ 1 




^3 


" Mar. 23 


13 17 20 


■5537038 


no 50 36 


5 732,52 


- 2 4 28 


3 


- 36 


37 


S5 57 


5 




&4 


" June 10 


20 


.8333333 


80 13 23 


4 7 8.10 


-1- 13 46 





- 39 


58 


54 11 


9 




65 




22 24 


■9333333 


8i 24 46 


6 7 8.47 


+ 079 


5 


- 39 


62 


54 13 


I 




66 


" Jime2g 


II 2g sg 


.4791551 


334 57 26 


9 3 0.24 


+ 5 1 25 


2 


+ '3 


30 


57 25 


3 i 




6;a 


" A.ig. jq 


8 24 


. 3500000 


280 17 41 


7 3 30.70 


+ i 43 7 


6 


4- 42 


61 


59 18 


2 




67 




12 


.5000000 


282 25 22 


2 3 30.52 


+ 1 53 42 


I 


+ 41 


95 


59 16 


7 + 


■ 27 


68 


■' Aug, 31 


12 


. 5000000 


77 16 55 


7 7 5.81 


+ 10 11 


4 


- 37 


71 


54 19 


3 




69 


" 


14 24 


.6000000 


78 27 55 


5 7 6.02 


+ 3 54 


3 


- 37 


79 


54 20 


3 + 


.08 


70 


" Sept. 26 


17 30 24 


.7294+44 


64 16 57 


3 7 5,.4i 


-hi 3 17 


4 


- 36 


91 


54 13 


5 




71 


" Nov, g 


5 40 55 


.2367476 


281 53 33 


3 42.36 


+ 2 23 36 


5 


+ 42 


34 


60 I 


3 




72 




6 35 19 


■2745254 


282 26 25 


5 3 41.89 


+ 2 3, 16 





■^- 42 


06 


59 59 


S 




73 


1677, Mar. 9 


12 17 7 


.5t 13886 


64 39 50 


8 7 10.02 


-h 16 32 


4 


- 38 


CS 


54 34 


8 




74 


1678, Feb. 27 


7 21 


.3062500 


63 40 50 


7 7 30.25 


- I 18 24 





- 38 


51 


55 52 


3 




75 


" 


8 33 


.3562500 


64 18 21 


3 7 29.64 


- I 21 36 


7 


~ 33 


40 


55 50 


1 




76 


■' Mar, 28 


8 


■3333333 


84 31 3 


I 7 22.44 


- 3 11 13 





- 31 


55 


55 i& 


8 




77 


" Sept. 24 


7 6 32 


.2962038 


2S4 49 30 


4 8 24^43 


4- 4 48 9 


2 


+ 17 


43 


53 54 


1 




73 


'■ Oct. 2g 


8 35 38 


■3580787 


37 3 53 


3 8 32.75 


- 59 


9 


- 47 


41 


59 20 


6 




79 


1679, Mar. 2g 


13 36 


.5666667 


220 g 55 


3 7 16.28 


+ 191 


3 


+ 39 


25 


54 46 


5 




3o 




16 


.6666667 


221 22 42 


7 17.00 


+ I 15 34 





+ 39 


13 


54 43 


7 




Si 


" June 4 


15 I 30 


.6260416 


30 4 4 


3 34,62 


- 17 sg 


6 


- 46 


33 


59 32 


9 




E2 


„ 


16 


.6666667 


30 38 54 


6 8 34.55 


- 21 7 


6 


- 46 


28 


59 32 


6 




83 


- Jimc24 


9 51 42 


■4109038 


2B4 41 24 


6 3 16.01 


H- 4 57 36 


9 


+ 7 


89 


58 8 


5 




84 


1680, Jan. l6 


10 32 29 

9 I 21 


■4392245 
■3759375 


285 4 50 
128 l_5 55 


8 16.26 

5 7 55.78 


-1- 4 57 58 
- 4 31 28 


9 


+ 7 
+ 17 


61 
99 


58 9 
55 56 


7 




&(> 




10 7 I 


■4215394 


128 52 2 


9 7 55.16 


- 4 30 OS 





+ 18 


33 


56 54 


9 




87 


" Apr. 4 


10 IS 22 


■4294213 


91 23 II 


7 8 19.25 


- 5 14 43 


4 


- 6 


41 


58 33 


3 




88 


■■ Sept. 13 


15 53 


■6256134 


64 54 25 


7 8 35^38 


- 4 46 29 


7 


- 20 


27 


59 30 







89 


" Nov. 7 


7 SO 43 


.3268866 


64 33 16 


I 9 9^83 


- 4 39 27 


6 


- 20 


47 


61 18 


4 




90 


i6Bt.Jan. I 


62741 


.2692245 


64 53 53 


2 3 58.16 


- 4 45 23 


I- 


- 15 


37 


60 40 


3 




9' 




7 36 41 


.3171412 


65 36 51 


3 8 58.45 


- 4 46 35 


7 


- 14 


36 


60 41 


^ 
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No, 


Date. 
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Time. 


Geocemr 
Long, of Mo 


c Motion in 
on otl.oi. 


Geocentr 
Lai, of Mo 


c Motion in 


Parallax 


ino'l,oi. 


92 


1682. Feb, IS 


h m s 

i 4 31 


.2948033 


63 27 54 


■5 8 31,37 


- 5 17 4C 


.1 + 0,80 


53 4,0,1 




93 


" Mar. 14 


9 45 35 


.4066551 


61 48 35 


.0 8 14,82 


- 5 14 5 


■9 - 0.43 


58 13-8 




94 




10 57 35 


■4566551 


62 29 50 


,4 815.14 


- 5 14 56 


.7 + 0,03 


58 15.3 




95 


1683, Jan. 9 


8 41 32 


.3621759 


65 19 27 


.0 8 18,13 


- 4 54 3? 


■8 + 15.99 


58 35.3 1 - ■ 


96 




9 54 47 


.4130440 


66 I 42 


,3 8 19,14 


- 4 53 6 


■S + 16.59 


58 23.1 




97 


" Feb. 5 


II 57 42 


.4984027 


61 51 35 


■5 7 58.01 


- 5 3 33 


.0 + 13,24 


SO 20,7 




gS 




12 47 44 


■5331482 


62 19 7 


6 7 58,66 


- S 3 46 


.4 + 13.63 


57 32.7 




99 


" Apr. 3 


S4344 


.3637037 


79 16 42 


7 7 54.48 


- 4 3 47 


■7 + 25.18 


57 7^8 




100 


" 


9 43 34 


,4052546 


79 49 34 


9 7 54^84 


- 4 2 I 


.7 + zs^ss 


57 9,4 




loi 


" May 4 


9 55 23 


,4134606 


145 25 17 


I S 29,87 


■+■ I 24 I 


.1 + 43.16 


59 23.3 




103 




10 40 55 


.4450811 


145 53 10 


3 8 30.05 


+ 1 26 17 


7 + 43,11 


59 22,9 




103 


l6S4,July 12 


2 16 


,0944444 


no 36 32 


9 7 55-60 


+ 20 56 


7 + 43.79 


57 7.9 




104 


" 


4 40 


■ 1944445 


1" 55 53 


3 7 56.53 


+ 28 ,5 


I 4- 43.80 


57 n.4 




105 


'■ Dec, 21 


9 a-l 59 


■3923496 


90 28 46 


8 7 21,68 


- 39 6 


3 + 40.50 


55 1.3 




ro6 




10 59 


,4173496 


90 47 i> 


« 7 =1,83 


- 37 24 


8 +■ 40,58 


55 i.S 




107 


■iG35,Oct. 17 


9 29 28 


■3954630 


85 44 7 


8 7 3.63 


+ 26 56 


r + 37,92 


54 8.1 




108 


1686, Apr. JO 


9 33 29 


.3982523 


330 25 


I 8 31.42 


+ I SI 9 


a - 42.78 


59 16.3 . , 1 


109 




10 45 29 


.4482523 


230 43 3 


6 8 31.63 


+ ' 47 35 


3 - 42.99 


59 17-3 




no 


■' June 25 


9 45 41 


.4067245 


149 21 46 


7 14.74 


+ 5 3 36 


7 -1- 7,17 


54 35.3 




HI 


" July 2 


9 13 35 


,3844329 


240 53 20 


4 842,11 


+ 49 10 


9 - 47,12 


60 1.9 




112 


1687, Mar. 28 


13 30 37 


.5629282 


189 6 30 


7 7 27.08 


+ 3 31 22 


9 - 29,07 


55 15.7 




113 


" May ir 


I 


.0416667 


51 17 


9 8 3,84 


- 3 55 


5 -i- 44,69 


57 38.1 




114 


" 


2 IS 


.0916667 


51 40 36 


1 8 3.30 


- 12 


I 4- 44.63 


57 36.2 




115 


1689, May 21 


9 29 u 


.3952662 


100 17 


4 8 40,67 


+ 5 7 39 


9 + 2.94 


59 42^ I 




116 


'■ Sept. 13 


3 2o 


.1388889 


171 20 55 


5 7 37,78 -f I 19 54 


6 - 40,86 


56 1.5 




"7 




4 32 


. 1888889 


171 59 3 


4 7 37,3' 


+ 1 16 30 




55 59-9 




iiS 


1690, Apr. 13 


11 28 55 


■4784143 


86 7 20 


7 841.57 


+ 5 12 56 


4 + 0.17 


59 47-8 




119 


" July 2 


14 59 9 


.6244097 


55 17 48 


6 3 47.90 


+ 4 34 5t 


I + 19-48 


60 11. 




120 


l6gg,Aug. 18 


13 35 19 


.5661921 


64 56 16 


9 8 37.31 


- 4 57 48 


5 - 14,50 


59 !■& 




121 


" 


14 13 19 


■5925810 


65 18 35 


3 8 27.53 


- 4 58 26 


7 - 14-33 


59 2.6 




123 


" S^pl.22 


20 


■8333333 


179 10 45 


4 3 18,85 


+ 33 2o 


3 4- 45.83 


5831-4 




123 




22 34 


■9333333 


180 33 48 


5 8 17.88 


+ 40 57 


7 4- 45-59 


58 27.9 




124 


1 701, Aug-. 23 


13 


-5000000 


29 51 s 


5 7 9-26 


- 5 2 58 


4 - ir.l6 


54 16. I 




125 




13 12 


.5500000 


30 36 54 


8 7 9.44 


- 5 3 53 


5 - 10.84 


54 16,9 




126 


" Sept. 32 


17 SO 5 


,743ii34 


65 49 31 


4 7 23,43 


- 4 49 46 


9 + £3.67 


55 11.9 




127 




18 36 24 


■7752778 


66 13 21 


7 33,63 


- 4 49 2 


I + I3^9S 


55 i3^o 




128 


1704, July 27 


r 20 


■0555556 


78 11 32 


3 7 12.39 


- 14 15 


1 + 39.03 


54 36^o 




139 


" 


3 32 


-1055556 


78 47 32 


8 7 12.04 


- 10 59 


3 -f 39.02 


54 34,9 




130 


1705, Aug. 4 


IS 14 37 


■635 1 50s 


313 18 30 


6 9 3,io 


- 4 48 34 


4 - 13-65 


60 52.9 




131 


" Sepl, 2 


11 39 35 


.4S58218 


334 36 37 


7 9 "-81 


- 4 53 32 


8 -+ 6.33 


61 22.6 




132 


1706, Jan. 33 


II 4 14 


.4613732 


64 23 16 


4 8 4-38 


+ I 10 23 


3 + 41.60 


57 49,6 




133 




11 40 14 


.4862732 


64 48 27 


7 8 4.20 


+ 1 12 7 


8 4- 41.53 


57 48^8 




134 


" Jan, 37 


II 22 33 


■4739931 


117 2 23 


9 7 38,50 


+ 4 35 36 


S 4- 15-90 


55 53^t* 


-0.39 


135 


" Apr. 21 


8 51 49 


.3693172 


143 36 


9 7 18,52 


+ 5 12 27 


8 - 6.32 


54 53^5 




136 


" 


9 45 24 


,4065273 


144 3 13 


2 7 18.30 


+ 5 12 3 


9 - 6,58 


54 52.4 




137 


■■ May II 


20 20 


.8472222 


50 15 43 


5 8 55.10 


+ 31 40. 


3 + 49-21 


60 39-5 




!38 




32 44 


■947S222 


51 44 50 


3 8 54,53 


+ 39 51 


9 4- 48-98 


60 37,2 




139 


" May 24 


10 38 30 


.4434028 


212 34 39 


4 7 3,44 


+1 5 40^ 


3 - 38.59 


54 i6^9 




140 


■' Nov. 17 


.148 5 


.4917246 


23 58 34- 


8 58^96 


-I 3 12. 


3 4- 48,64 


60 56.5 . . 
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Greenwich Mean 


Geocentric 


Motion in 


Geocentri 


Motion in 


Parallax. 


Motion 


No. 


Date. 


Time. 


Long, of Moon. 


0^.01. 


Lat. ol Moo 


n. o''.o 




in 0^.01. 


141 


1707. Apr, 4 


A m J 
8 II 52 


3415741 


43 25 40. s 


8 56.18 


■I- I 33 35 


0+47 


32 


60 44 


9 




142 


" Sept. 3 


7 37 33 


317743' 


245 43 16.4 


7 6 


49 


- 3 51 23 


8 - 25 


90 


54 14 


7 




143 


■' 


8 25 45 


3512153 


246 7 3.8 


7 6 


42 


- 3 52 50 


3 - -^S 


68 


54 14 


6 




144 


170S, Feb. 23 


7 8 22 


2974769 


359 3» 41.6 


7 52 


93 


- 46 37 


3 + 42 


52 


56 59 


5 




145 


" Sept. 6 


9 27 6 


3938195 


63 53 "5-7 


S 17 


34 


+ 4 46 48 


5 + 19 


23 


58 28 


I 




146 


" Sept. 13 


630 


.2708333 


162 55 38.5 


3 38 


18 


+ 1 z6 22 


1 - 45 


98 


59 39 







147 




S 54 


■3708333 


164 21 55,5 


8 37 


46 


+ I IS 40 


8 - 46 


3' 


59 36 


2 




i47« 


„ 


l3 30 


.7708333 


170 5 36.7 


8 33 


33 


+ 47 36 


2 - 46 


go 


59 24 


2 




147* 




20 54 


■8708333 


i7t 31 8.6 


8 32 


86 


+ 39 46 


8 - 46 


94 


59 20 


9 




148 


1709, Apr. 20 


7 41 6 


.3202083 


166 46 II. 2 


8 34 


73 


+ II 9 


□ - 46 


68 


59 33 


2 




149 


■' Sepl. 16 


lo 40 


.4444444 


331 3 52.5 


7 4 


So 


- 51 49 


8 + 38 


6g 


54 


3 




150 




II 52 


.4944444 


33' 39 '6.3 


7 4 


84 


- 48 36 


+ 33 


76 


54 


9 




151 


■■ Sept. 23 


a 9 u 


.3397106 


54 59 SO. I 


7 40 


33 


+ 543 


8 + 11 


07 


56 10 


2 


+0-42 


152 




S 57 II 


■3730439 


55 25 !5-5 


7 40 


55 


+ 5 4 40 


2 + 10 


78 


56 II 


4 




153 


" Dec. 14 


5 


■2083333 


54 30 10.7 


7 54 


63 


+ 4 57 43 


4 + 6 


¥• 


56 56 







154 




7 24 


■3063333 


55 49 26.6 


7 56 


03 


+ 4 58 48 


3 + 6 


02 


57 


4 




155 


1710, De.^. 4 


432 58 


. 189560Z 


54 42 23.6 


7 19 


73 


-(- 4 53 13 


0-6 


47 


54 44 







156 




5 44 -58 


.2395602 


55 19 3^7 


7 20 


'4 


+ 4 57 39 


4 - 6 


92 


54 45 


I 


+0.23 


157 


l7rr,Sept. 30 


15 zo 


.6388889 


55 35 7.9 


7 6 


53 


-H 4 35 39 


9 - '5 


5' 


54 4 


8 




158 


" 


17 44 


.7388889 


56 46 13.8 


7 6 


42 


+ 4 33 


8-16 


20 


54 4 


7 




■59 


1712, May )5 


II 658 


.4631713 


170 24 29.7 


3 I 


54 


- 4 36 20 


2 ~ 18 


88 


57 32 


9 




160 


" 


ir 46 II 


.4904051 


170 46 21.9 


8 2 


n 


- 4 37 11 


6 - i3 


73 


57 34 


4 




161 


l7l3,Dec. I 


ir 49 4 


.4924074 


68 5 59-5 


746 


49 


+ 53 38 


8-42 


47 


5633 


6 




162 


1 7 14, Mar. 20 


9 6 39 


.3796180 


65 15 35-8 


7 57 


47 


+ 32 12 


2 - 41 


93 


57 2g 


7 




163 


■' Mar. zr 


10 l6 9 


.4278819 


78 55 ^6.1 


7 41 


20 


- 40 13 


7 - 40 


50 


56 32 


6 




1&4 


■' Apr. 6 


15 17 21 


.6370486 


278 55 14.8 


8 7 


33 


+ 2 29 27 


+ 38 


01 


58 2 


8 




165 




16 30 36 


.6879167 


279 36 37-2 


8 7 


87 


+ 2 32 40 


6+37 


82 


58 4 


9 




166 


■' Sept. 27 


9 40 


.3754^30 


61 49 47-1 


8 20 


36 


- 4 38 


7 - 44 


79 


58 49 


7 




J 67 


" Ocl. 2 


14 37 51 


.6096181 


129 3 36.9 


7 16 


14 


- 4 45 8 


5 - '4 


32 


54 43 


6 




1&8 


1715. May 2 


19 12 


.8000000 


40 47 52.7 


9 3 


46 


-t- 51 30 


0-49 


54 


61 7 


8 




169 


" J„ne22 


200 


.0830000 


337 38 50.1 


8 16 


84 


+ 4 54 41 


2 - 13 


94 


58 23 







170 


" July 21 


14 49 43 


.6178588 


9 59 6.5 


8 29 


00 


+ 3 4 20 


6 - 35 


77 


59 14 







171 


.. 


15 42 30 


■6545139 


10 30 13.4 


8 29 


08 


+ 329 


2-35 


gS 


59 '4 


3 




172 


" July 24 


13 28 39 


.5615625 


51 34 IO-' 


8 26 


88 


- 22 52 


3-44 


78 


59 10 


4 




173 




14 14 26 


■5933565 


52 I 1.6 


8 26 


81 


- 25 14 


5 - 44 


70 


■59 10 


I 




174 


" Aug. 15 


11 46 34 


.4906713 


335 28 1S.4 


8 36 


13 


+ 4 41 49 


5 - '5 


78 


59 21 







175 




12 31 41 


.5220023 


335 55 '6.4 


8 36 


20 


+ 4 40 59 


3 - '6 


26 


59 21 


9 




176 


" Oct. 9 


7 55 53 


■3304745 


335 21 17. I 


8 34 


69 


+ 4 47 33 


2-19 


04 


59 24 


3 




177 


•' Dec. 30 


7 17 35 


■3038773 


335 58 5' I 


7 59 


02 


+ 4 32 20 


1 ~ 18 


98 


57 20 


4 




178 


17:7, Sepl.25 


3 53 38 


.3705787 


6s 5 39-7 


8 14 


12 


- 4 36 58 


0-22 


10 


58 13 


9 




179 




9 45 58 


.4069213 


65 35 35.2 


8 14 


53 


- 4 38 '7 


3 - 21 


82 


58 14 


9 




180 


.7l3,Jan. 15 


13 24 33 


■55S7153 


105 54.2 


9 7 


74 


- 4 49 15 


7 + '4 


69 


61 g 


9 




18, 


" Feb, g 


6 22 14 


.2654398 


65 35 40.9 


8 12 


80 


- 4 53 43 


8 - IS 


'3 


58 12 


6 






" Feb. t4 


& 50 


.2847222 


139 19 ia-4 


9 :o 


13 


- 3 4 '5 


8 + 40 


38 


61 25 


9 




183 


" Sept. 9 


8 33 19 


■3564699 


347 '9-2 


7 6 


56 


- 5 15 


3-39 


39 


34 ' 


4 




184 


1719, Apt. 22 


7 33 37 


,3150116 


66 20 37-3 


7 29 


35 


-55' 


I + 


79 


55 23 


4 




1S5 




8 23 6 


.3493750 


6646 21.3 


7 29 


60 


- 5 4 57 


6 + 1 


08 


55 23 


3 




i86 


" Aug. 21 


7 34 50 


.3158565 


231 6 30.9 


3 36 


56 


+ 5 '5 17 


2 + 5 


46 


58 59 


I 




187 


'■ Oct. 30 


8 37 27 


■3593403 


65 12 5'-8 


7 .6 


36 


- 4 56 10 


8 + 6 


91 


54 33 


3 
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No 


Date. 


Greenwich Mean 
Time, 


Geocentric 
Long, of Moon 


Motion in 
0^.0 1, 


Geocentric Motion in 
Lat. ofMoon. o'l.oi. 


Parallax. ,'"°''«" 
in 0^.01. 


.88 


1719, Oct. 30 


A m s 
9 33 45 


-3984375 


65 41 17,7 


; ..'.o 


- 4 55 43 


1 + 7.21 


54 33.9 . . 


189 


" Nov. 26 


6 55 20 


.2884259 


61 14 15.9 


7 18 


70 


- 4' 56 4 


9+6 


15 


54 36 


9 ■ ■ 


190 


.720, Apr, 20 


12 15 


.5104167 


1R6 10 58,6 


8 57 


19 


4- 3 53 48 


6 + 29 


71 


60 41 


3 +0,20 


IQI 




12 43 48 


. 5304 167 


186 28 53,3 


8 57 


37 


+ 3 54 48 


0+29 


57 


60 42 


1 +0,26 


I<|2 


" Dec. 31 


3 


.1250000 


311 24 1.9 


8 36 


24 


- 1 2 7 


- 46 


58 


59 33 


3 . . 


.93 




4 T2 


.1750000 


312 7 0,7 


S 35 


52 


- I 5 59 


6 - 46 


34 


59 35 


6 . . 


'94 


1722, Dec. 8 


1 30 


.0625000 


255 58 21.3 


a 20 


94 


+ 41 39 


6-45 


88 


58 38 




195 


1724, May 22 


5 48 


.2416667 


61 59 10,6 


8 56 


44 


- 34 II 


6+49 


28 


60 44 




Kjb 




7 


.2916667 


62 43 51.6 


8 56 


r8 


+ 38 18 


2+49 


20 


60 43 




197 


1725, Ftb. ig 


12 l& 12 


,6112500 


60 8 2.4 


8 27 


2S 


+ I 44 5 


5 + 42 


23 


59 13 




198 


1726, Jan. la 


700 


.2916667 


128 5 17,2 


9 4 


72 


+ 4 49 53 


6-12 


09 


61 




199 




8 12 


.341&667 


128 50 40,8 


9 4 


25 


+ 4 48 31 


3-12 


71 


6059 




200 


J727, Feb. 27 


6 52 30 


,2864584 


53 56 22,0 


7 46 


11 


+ 4 12 43 


3 + 25 


52 


56 41 




201 


" Sept. 6 


.3 48 


.5750000 


55 3 0.6 


7 32 


66 


+ 4 44 io 


5 + 18 


62 


55 48 


8 +0.41 


203 




15 


,6250000 


55 42 46-4 


7 33 


17 


+ 4 45 43 


8 + 18 


23 


55 50 


8 +0.4: 


203 




16 12 


.6750000 


56 20 34,8 


7 33 


78 


+ 4 47 13 


2 + 17 


86 


55 52 


7 +0.40 


204 


1728, Aug. 26 


14 28 35 


.6031829 


55 42 16,2 


7 13 


48 


+ 5 14 22 


2 + 5 


31 


54 36 




505 


1729, Dec. 3 


!5 


, 6250000 


56 13 57-5 


7 8 


54 


+ 4 47 52 


6-12 


28 


54 2 




io6 


1733. Mar. 22 


5 3" 55 


.2304977 


92 58 9.1 


8 4 


78 


- 2 30 39 


3 - 37 


49 


57 53 




207 


'■ Mar, 25 


5 26 36 


.2268056 


I3[ 59 57-7 


7 33 


40 


- 4 44 16 


9-14 


56 


55 SI 




206 


1736, Apr. 14 


8 18 41 


.3463079 


66 23 27,9 


7 51 


42 


- 4 34 4 


5 - 21 


26 


56 47 




209 


■■ Aug. 1 


16 13 12 


.6758334 


65 46 55-5 


7 53 


76 


- 4 45 5 


3 - 16 


21 


57 3 




210 




17 25 14 


-7258565 


66 26 27.1 


7 54 


59 


- 4 46 26 


2-15 


86 


57 5 




211 


" Ocl. 22 


12 43 39 


-5303125 


66 r 50,2 


7 35 


29 


- 4 51 35 


0-14 


67 


55 45 




212 




13 58 3" 


,5822917 


6641 17-0 


7 35 


62 


- 4 52 50 


2 - 14 


13 


53 47 




213 


1737. May 7 


7 40 55 


.3195081 


137 52 3,5 


8 9 


53 


- 2 24 48 


3 + 38 


38 


58 10 




21311 


" May 22 


13 55 '3-3 


.5B0015. 


349 23 3-9 


7 7 


82 


- 23 23 


4-37 


77 


54 22 




213* 


■■ July 22 


n 34 32.fi 


.4823217 


64 4 54.3 


7 23 


70 


- 5 8 48 


5 - 4 


01 


55 7 






1738 Jan. 3 


4 18 


,.791667 


63 2[ ,8,7 


7 13 


91 


- 5 6 30 


9 + I 


60 


54 26 




215 




6 43 


,2791667 


64 33 38.9 


7 '4 


41 


- 5 6 II 


+ 2 


41 


54 27 


8 . . 


2:6 




9 6 


.37916117 


65 46 4.4 


7 14 


99 


- 5 5 42 


7 + 3 


22 


54 29 


6 +0.16 


217 




11 30 


.4791667 


66 58 35-5 


7 15 


56 - 5 5 6 


I + 4 


03 


54 31 


4 +0,17 


218 


■' Feb. 2 


6 8 35 


.2559607 


109 32 40,8 


7 42 


06 - 3 24 10 


2 + 32 


26 


56 15 


. . 


319 


" Aug. a 


13 


.5416667 


63 13 7.1 


7 7 


57 


- 5 9 18 


I + 8 


51 


54 II 


8 . . 


220 


,. 


15 24 


.6416667 


64 24 21.8 


7 7 


6r 


- 5 7.48 


6+9 


33 


54 11 


3 . . 


221 




20 12 


.8416667 


66 46 5'. 8 


7 7 


61 


- 5 4 25 


7 + 10 


88 


54 II 


8 


222 


" Oct. 2 


9 56 23.7 


-4141632 


65 41 42.6 


7 8 


65 


- 4 54 25 


3 + 10 


3o 


54 13 


I . . 


223 




10 56 44,3 


.4560682 


66 !i 38,5 


7 8 


54 


- 4 53 39 


4 + II 


09 


54 12 


9 ■ - 


224 


" D.e, 23 


5 24 32 


.2253703 


65 27 45,8 


7 7 


61 


- 4 43 45 


5 + 15 




54 


7 . . 


22S 




6 S4 33 


,267048s 


65 57 27,1 


7 7 


57 


- 4 42 41. 


3 + 15 




54 


5 . . 


225«) 


173-5, Feb. 15 


6 50 49 


,2852893 


59 '6 41,5 


7 12 


32 


- 5 I 7 


4+12 




54 29 


9 . - 


226 


■' Aug. 4 


2 36 


.1083333 


131 3 14.7 


7 8 


94 


-H 43 39 


2 + 39 




54 14 


5 ■ ■ 


227 




5 


.2083333 


132 H 46.5 


7 9 


30 


+ 55 10. 


9+39 




54 15 




228 


" Ocl. 23 


11 39 40.0 


-4858796 


irs 41 42,4 


7 4 


58 


- 24 38. 


0+37 




54 15 


I - , 


229 




12 50 20.2 


.5349560 


113 16 26,1 


7 4 


48 


- 21 34. 


2 + 37 




54 14 


9 - ■ 


230 


" Oct. 24 


11 9 43-0 


,.1650810 


124 14 36.1 


7 4 


98 


+ 36 33 


6 + 37 




54 16 


7 . . 


231 




12 16 5.0 


,5111690 


124 47 15,2 


7 5 


OS 


+ 39 24 


6 + 37 


30 


54 17 


I , , 


232 


1746, Mar. 26 


800 


■3333333 


57 3 15-g 


7 12 


14 


+ 4 43 3 


3 + 17 


62 


54 27 


3 - . 


233 


I747,jan. 20 


13 


,5416667 


57 22 22.3 


7 8 


15 


+ 5 7 33 


I + 5 


74 


54 13 


2 , , 


234 


'• July 30 


12 


, 5000000 


56 23 42,2 


7 7 


93 


+ 5 14 50 




02 


54 13 


3 . . 
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Observations by Fj.am9teei>. 

These observations ai'e used as piinted in Volume I of the Historia Coekstis 
Britannica. His clock seems to have been rather inferioi" to those of his French 
contemporaries, while its correction was less carefully and regularly determined. 
For this purpose he appears to have depended entirely on altitudes of sun or stars 
observed with a quadrant, and to have made no effort whatever to eliminate possible 
constant errors by observations on both sides of the meridian. To this we have to 
add the fact that typographical errors in the Historia Coelestis are so numerous that 
uncertainties frequently arise from them. It is therefore hardly possible to form a 
judgment of the probable errors of the clock-corrections. 

It does not appear necessary to reprint the observations in full ; but \ve present 
the clock-errors resulting from the individual altitudes in the following table : — 
Individual Corrections io Ph?itsteed's Clock, as given by Altitudes. 



Date. 


Greenwich 
Mean Time. 


Cc 


rrec- 


Date. 


Greenwich 
Mean Time, 


Correc- 


Dale. 


Greenwich 
.Mean Time. 


Correc- 






// m s 




lU s 




h m s 


m s 




k m . 


m s 


1676. Ma 




7 41 34 
44 11 
47 41 


+ 


12 4 
12 6 


1676, Aug. 30 


'3 36 
14 45 


+ 4 28 
4 26 
4 30 


1682, Mar, II 


21 30 4 

33 

35 54 


- 5 30 
5 30 1 

5 24 1 


Ma 


.. 


4g 54 
10 13 50 

20 43 


4- 


12 4 

3 51 
3 56 


Nov. 9 


C 46 56 

51 TCI 

53 31 


- 3 40 
3 42 
3 41 


Miir. 14 


II 37 
2 23 
4 25 
(i 32 


- 5 42 
5 42 
5 43 
5 44 






23 10 
II 17 19 




358 
3 47 


1677, Mar. g 


7 50 41 

51 56 


23 


ifi33,Feb. 3 


6 (3 24 

•5 34 


- 1 52 
I 54 


Ma 


24 


7 57 38 
3 7 2g 


+ 


4 14 
4 27 


Mar. II 


53 13 


25 
25 

- 7 


Feb, 5 


17 44 

9 5 46 

7 54 


- {'^ 


Jun 


26 


5 V 23 

28 40 

4S 28 


+ 


6 n 
6 16 
629 


1O7S, Ocl, 28 


';■" 


- 5 Sr 
5 52 




12 27 

14 48 


2 3 




30 


5 26 30 
31 22 


+ 


8 47 
8 46 




28 53 


5 54 


. Apr. 1 


19 33 


- 5 50 
5 53 


Aug 


■ '9 


3 36 9 
3S 27 

43 3 


+ 


5 43 

5 4+ 
5 18 


Oct. 29 

1680, Jan. 16* 


II 25 5 
7 22 


- 6 II 

~ 6 12 

+ II 16 


'- 


21 53 

20 40 
20 5 


5 52 

- 5 51 

- 6 I 






2S 33 
30 51 


+ 


5 23 

5 19 
5 15 




27 IS 
31 S 
34 4S 


II 23 
1: 25 


May 6 

168&, Apr. 9 


19 45 


- 5 59 

- S 34 






35 31 




5-S 




38 y 




20 


20 


- 32 52 



1676, June o, 29.1 

I, 5.6 



* Clock losing about 32' per day on mean lime. 

Clock-corrections for Flamsteed's Eclipses. 

-2 10 1684, July 8, 5 — 4 28 1689, Sept. 

-I 46 12, 5 ~ 3 40 Sept. 

1687, May 6,20.0—12 25 

i687,Mayii, 4.5—14 30 



,s 


1.8 +1 


29 


2 


3.9 +■ 


4Q 




20.0 +2 


5 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 

Longiiiides and Latitudes of Stars for 1850, 

Adopted obliquily for 1850, 23° 27' 31", 4. 





Nameo 


f siar. 


Long., 1S50. 


fj 


/-i 


Lai., 1850. 


B- 


B" ! /-. 


,< 


Piscium 




'2 3 4.56 


5027.30 


+ 


3-75 


+ 2 10 24.09 


+ 7-77 


+ 0.17 i - 7 


33 








as 3S 41 -Id 


5030 


82 . + 


4.45 


- 1 37 54 








-71 


,,3 


Lalande 
Aileiis 










+ 


20 I- 


+ I 10 34 






+ 0,08 ' - 2b 


»» 




4^ 49 28.02 


5044 


77 


sa. 


+ 9 




B. A. C 


gao . . . 






















^ 


Arielis 




46 24 19.42 


5021 


5g 


- 


'■59 


+ 4 9 31 


65 


+ 37 


45 


+ 0.08 1 - 


18 








48 45 10.95 


5037 


80 


+ 


T3.40 


+ I 48 35 


34 


+ 35 


OJ 


+ 0,07 ! - 3 


7^ 


^ 






49 51 '.50 


5018 


76 


- 


5-17 


+ 3 52 40 


6g 


+ 31 


99 


+ 0.07 - 7 


27 








51 29 47-81 


502S 


22 


+ 


0.40 


- 6 55 55 


76 


+ 39 


62 


+ 0.06 ■ - 


37 


Q 






55 20 44.37 


5020 


92 


- 


2.89 


+ 3 42 22 


55 


+ 35 


94 


+ 0.05 j - 5 


62 


^^ S 


Ple^adu 


1 (Gelapnn) . 


57 20 27.90 


5023 


46 


- 


0.21 


+ 4 20 53 


47 


+ 36 


30 


+ 0.04 1 - 6 


01 






n (Electra) . 


57 ig 04-12 


5023 


52 


- 


0.21 


+ 4 10 27 


23 


+ 36 


20 


+ 0.04 , — 6 


01 


m 






57 32 36.36 


5023 


29 


- 


0.2O 


+ 4 52 3 


on 


+ 36 




+ 0.04 — 6 


fH 


19^ 


Pleiadu 


n(Taygeia) . 


57 28 14.20 


5023 


42 


„ 


0.20 


+ 4 30 g 


03 


+ 36 


34 


+ 0.04 — 6 


(IT 


20 f 




n (Maia) . . 


57 35 10.48 


5023 


47 


- 


0.20 


+ 4 =2 27 


82 


+ 36 


38 


+ 0.04 — 6 


OT 


23./ 


Pleiadu 


o(Meiope) . 


57 36 18.62 


5023 


63 


- 


O.SO 


+ 3 56 24 


61 


+ 36 


33 


+ 0,04 - 6 


02 


7 






57 53 53-58 


5023 


62 


— 


0.19 


+ 426 


94 


+ 36 




-t- 0.04 - 6 


n? 


27 ^ 


Pleiadur 


(Alias) . . 


58 '3 42-32 


5023 


6[ 


_ 


0.17 


+ 3 54 6 


42 


+ 36 


61 


+0.04 — 6 


03 


i 


Pleiadu 


1 . . . . 


58 11 6.70 


5023 


68 


- 


0.17 


+ 3 53 55 


08 


+ 36 


61 


+0.04 — 6 


03 








59 5t 0.18 


5030 


00 


+ 


5.63 


+ 2 39 45 


27 


+ 39 


93 


+ 0.03 - 3 


25 








6. 21 28.80 


5032 


66 


+ 


7.80 


+ I 14 40 


94 


+ 33 


68 


+ 0.03 - q 


08 


S3 






64 33 37-15 


5027 


41 


+ 


2.09 


- 17 56 


98 


+ 38 


81 


+ O.oi - 5 




"- 






63 58 0.04 


50! 9 


68 


- 


S.77 


- 046 3 


73 


+ 40 


10 


+ 0.02 - 4 


32 


3> 


Tauri 




64 23 23 6g 


5033 


59 


+ 


8.40 


+ 10 23 


27 


+ 38 


34 


+ 0.02 ' ~. 6 




J' 


Taiiri 




63 42 22-34 


5038 


67 


+ 


11.24 


- 5 44 56 


'4 


+ 39 


13 


+ 0.02 - 4 


Si 


5& 


TaLiii 




64 42 26,60 


5026 


",6 


4- 


I.20 


+ 18 57 


33 


+ 38 


50 


+ O.OE ~ 6 


T? 


5S 


Tauri 


.... 


63 43 36-36 


5038 


00 


+ 


11.02 


— 6 18 24 


08 


+ 39 


17 


+ 0.02 - 5 


21 


;t 


rauri 




66 I 17.99 


5027 


84 


+ 


3.58 


+ 4 13 


10 


+ 40 


55 


+ 0.01 - 4. 


30 




Tauri 




66 6 22.07 


5032 


90 


4- 


7-81 


+ 36 38 


91 


+ 37 


66 


+ 0.01 - 7. 


31 


''' 


laun 




^6 6 6.55 


5035 


9B 


+ 


10. 87 


+ 30 59 


01 


+ 36 


87 


+ 0.01 - 8, 




70 






65 8 54.07 


5034 


35 


4- 


7-65 


- 5 40 14 


95 


+ 40 


80 


+ 0.01 - 3. 




71 






65 16 9-35 


5036 


06 


^ 


9.28 


- 6 1 2 


85 


+ 39 


51 


+ 0.01 - 5. 


24 




B. A. C. 


373 ■ . . 


66 36 19.67 


5035 




+ 


10. 21 


- 9 4 


89 


+ 36 


56 




52 


i^ 


Tauri 




66 21 53.47 


5035 


64 


+ 


9.78 


- 2 35 I 




+ 35 


74 


+ o.ot - 6, 


9 


fi 






65 51 22.57 


5035 


39 


+ 


a. 72 


- 5 ^5 43 


06 


+ 40 


43 


+ O.O! — 4. 




H' 


Tauri 




65 51 46, ^3 


5036 


73 


4- 


10.04 


- 5 51 19 


42 


+ 40 


75 


+ 0.01 — 4, 


16 




B. A, C. 


lagr . . . 


66 21 57.39 


5033 




■■1- 


7.22 


- 5 36 22 


08 


+ 39 


93 


+ O,0( - 5, 


10 


, 






67 41 34.13 
70 3 34-50 


5029 
5024 


58 


+ 


3. 12 

0.51 


- 5 28 40 
+ 041 43 


80 


+ 25 


72 


0.00 - 19. 


88 









Tauri . 




80 24 6.36 


5026 




+ 


0,91 


- I 18 39 


46 + 45 


25 




77 


" 


Tauri , 




81 18 3.38 


5026 


47 


-t- 


1. 09 


- 4 42 ig 


15 1 + 46 


41 


- 0,04 - 0, 


64 




Tauri . 




8t 36 38.28 


5026 


22 


-t- 


0,86 


- 4 46 26 


76 1 + 47 


44 


- 0.04 + 0. 




i36Tau(i . 




86 25 24.56 


5026 


52 


+ 


1. 10 


+ 4 9 44 


g5 + 46 


02 


- 0.06 - I. 




^ 


Orionis . 




86 42 50.31 


5024 




- 


0.95 


- 3 42 13 


34+44 


65 


- 0.06 - 2, 


.6 


H 


Geminor 


m . . . 


S8 51 7.9s 


5025 


18 


- 


0.06 


- ir 15 


80+36 


66 


- 0.07 - 10. 




3 


Gcminoi 


m . . . 


90 S 36.04 


5025 


07 


- 


0.14 


- 19 34 


47 1 + 45 


04 


- 0.07 - 1, 


-,, 




Lalande 

























1 
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RESEARCHES ON THE MOTION OF TOE MOON. 
Longitudes and Latitudes of Stars for 1850 — Continued. 



Name of star. 


Long,, 1850, 


r 




Lat„ 1850, 


ff 


B' 


Us 


/* 


Geminorum . . 


« .2 i3.'43 


5032.00 


4- 6 


\s 


- 50 5,32 


+ 34.42 


_ <,,'a8 




11. 97 


n 


Geminoinm 






91 20 40.91 


5019.48 


- 5 


66 


- 54 24.95 


+ 44. 98 


- 0,07 


- 


1.65 


" 


Geminorum 
Weisse il. 165 






94 42 30 .M 


5023.30 


- I 


44 


- 3 4 29.55 


+ 43.9^ 


- 0.U9 


- 


2,20 


^ 


Geminorum 






106 41 13.63 


5019.62 


- 3 


74 


- 5 39 4,60 


+ 37-54 


- o,og 


- 


5-69 


f 


Geminorum 






iir 34 53.38 


5022.17 


- 1 


61 


- 3 45 40-41 


+ 41.94 


- 0,14 


4- 


0,45 


s 


Geminorum 






112 59 52.92 


5017.39 


- 6 


77 


- 2 39 43.70 


+ 33-82 


- 0.14 


- 


7.10 


85 


Geminorum 






114 5"7 20.30 


5022.61 


- 2 


24 


- 53 44. S4 


+ 36-24 


- 0.14 


- 


3.87 


\ 


Caticri . . 






iiy 43 15.34 


5026,29 


- I 


08 


+421 55-07 


+ 33-ig 


- 0.16 


- 


4-72 


6 


Cancri . 








126 37 33.12 


5029.15 


+ 3 


87 


+04 20,97 


4- 11,19 


- 0.17 


- 


23,09 


a 


Cancri . 








131 32 49.20 


5026.07 


+ 3 


82 


- 5 5 32-66 


4- 28.29 


- 0.l8 


- 


3,12 


" 


Cancri . 








134 4 34 -gs 


5020.48 


- 1 


20 


- 5 34 54.38 


+ 29.06 


- 0.18 


- 


0.77 


f 


Leonis . 








139 33 22.76 


5015-35 


- 7 


73 


- 3 9 42,60 


+ 15-07 


- 0.19 


- 


n.ii 





Leonis . 








142 9 32-41 


5009.35 


- 13 


24 1 — 3 45 49. ''■I 


+ 16,07 


^ 0.19 


- 


a. 31 


7 


Leonis . 








145 48 34-08 


5027.87 


- 


92 


+451 25.06 


■f 21.42 


- 0,19 


- 


0.35 





Leonis . 








147 41 39.90 


5001,63 


- 23 


95 


-f 27 35,91 


^ ir-37 


~ 0.20 


- 


8. 98 ' 




B. A. C. 3; 


9 






151 31 38.50 


5021,65 


- 7 


00 


+ 4 27 58.41 


+ 12.73 


- 0.20 


~ 


4.79 i 


T 


Leonis . 








169 25 0.41 


5025,93 


+ 1 


24 


- 33 20,10 


+ 1-45 


- O.20 


- 


1.78 


e' 


Leonis . 








172 16 59.92 


5022,17 


+ 1 


63 


- 5 42 12,52 


+ 0.33 


- 0.20 


- 


0.57 j 


7 


Virginis 
Virginia 








201 44 SS.24 


4974.25 
5020.21 


- 3 


55 


+ 2 48 15.20 
- 2 2 35,62 


- 35-46 

- 27-94 


- 0,17 

- 0.15 


~ 


23.50 1 

5.54 1 


X 


Virginis 








214 51 31.61 


5022.20 


- 3 


35 


+ 30 10.41 


- 30-89 


- 0.11 


-t- 


0.30 1 


01 


Librae . 








222 56 3.05 


5015.02 


- 10 


42 1 + 022 51.99 


- 47-68 


- 0.09 


- 


I. -83 


qS 


LJbrse . 








222 59 29,42 


5016,06 


- 9 


37 


-h 21 7.60 


- 47,08 


- 0.09 


- 


11,22 


7 


Libras . 








233 2 25.27 


5033-81 


+ 6 


74 


+ 4 24 7.06 


- 39.21 


- 0.06 


+ 


1.42 


" 


Scorpii . 








240 50 4S.83 


5022.08 


- 1 


44 


- 5 27 2r.05 


- 48.53 1 - 0-03 


- 


5.04 


fi' 


Scoipii . 








241 5 43.84 


5025.33 


- 


23 


+ 1 1 3&.S5 


- 47-50 


- 0,03 


- 


3.93 




B.A,C.53 


5 






243 17 tg.io 


5013.38 


- II 


81 


- 11 b.bp 


- 43.51 


- 0.02 


+ 


0.70 ' 


T 


Scorpii . 








249 21 47.33 


5024,37 


+ 


55 


- 6 6 1,12 


- 49- gg 


0,00 


- 


4-30 . 


i 


Sagiitarii 


























e 


Sagittarii 








281 21 19.59 


5027,25 


f 2 


44 


4- 1 40 49,86 


- 47,20 


4- 0,11 


- 


2.41 





Sagittarii 








2S2 53 48.46 


5030.00 


+ 5 


00 


+ 52 52.20 


- 51,68 


+ o,ir 


- 


7-30 


T 


Sagittarii 








2S4 9 28.01 


5022.53 


„ 2 


2& 


+ 1 27 24.42 


- 47-84 




- 


3.83 


P' 


Sagittarii 








287 21 25.77 


5020.22 


- 3 


60 


+ 4 14 26,80 


- 42-93 : + 0-12 1 4- 


o.oSJ 


P' 


Sagittarii 








287 rg 46.63 


5032.85 


4- 8 


87 


+ 3 47 1.60 


- 54.20 ; 4- 0,12 - 


1.17 ■ 


33 


Capricorni 








314 id 35-20 


5022 , 12 


- 6 


54 


- 5 18 38.24 


- 4J.79 


4- 0.1a - 


2.41 


7 


Capricorn i 








319 41 18.20 


5043.47 


+ 16 


61 


- 2 32 35 -8g 


- 30,24 


4- o,ig 1 - 


4. II 


<^ 


Aquarii 








328 23 27.70 


5030.25 


+ 4 


81 


- 16 28.65 


~ 21,39 


4- 0,20 


~ 


'-49 , 





Aquarii 








333 17 36.9s 


5023,39 


- 2 


79 


- I 13 13-67 


- 18. u 


4- 0,20 


- 


1,94 


K 


Aquarii 








337 '9 40.03 


5010.35 


- 11 


63 


+ 4 7 8.56 


- 21.64 


+ 0,20 


- 


8. 62 


r= 


Aquarii 








33630 1,80 


5026,35 


- 3 


35 


- 5 39 28.56 


- 17.55 


4- 0.20 


- 


3.88 




B. A. C.3184 






34g 7 9.75 


SO35.I2 


+ 8 


95 


- 1 7 49-10 


- 32.16 


4- 0.20 — 

1 


8.66 


Note,— These p 
landard catalogues 
Steirs {iSy2), and in iv 


osi 
liic 


ion 
litl- 


s of 
luce 
ep 


tlie occulted st 
d to the equina 


irs are de 
X of my p 
of (he star 


ived, fr 
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t Ih 
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an unpublished 


discussion 
^ofil^E 
from Dr. A 
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RESEARCHES ON THE MOTION OF THE MOON. 205 

Details of Reduction of the Occultatiom. 

These are presented in the following- tables in such form as to give as great 
facility as appeared practicable to any one desiring to re-esamine and correct the 
work. Each observed occultation is numbered, so as to facilitate subsequent refer- 
ence; the arrangement is not, however, chronological, except through each series. 
The different series are arranged in the order of their computation, as it did not 
seem necessary to Jun a risk of confusion in seeking to make them more nearly 
chronological. The only serious displacement occurs in the case pi Ii'lamsteed's 
observations, which, in strictness, should immediately follow those of Hevelius. The 
following are the only parts of the table which seem to need explanation. 

The data for local and Greenwich mean times have been already pretty fully 
given, and, in most cases, the results are given in preceding sections, and are here 
simply copied from them. Small discrepancies may be found in some cases, as tlie 
definitive discussion was not completed till after a great deal of the computation of the 
following tables was made. Any corrections thus required can be i-eadily made in 
the equations. 

The sidereal times are in all cases from tlie mean equinox of the date, nutation 
being omitted. 

The column " Moon's Tabular Geocentric Position" gives the longitude and latitude 
of the moon as derived from Hansen's tables, and pi-inted on pages 197 to 201. 
The longitude is counted from the mean equinox of the date, as in the case of the 
sidereal time. 

The apparent tabular position of the moon's centre as seen from the place of 
observation is then deduced from the geocentric position by the metliod described in 
§ 6. The upper line of each pair gives the longitude and latitude of the moon; the 
lower one, those of the star. The latter have been derived from the positions of the 
stars just given by reducing them to the date, and con-ecting for aberration. 

Next we find the tabular differences of apparent longitude and latitude of the 
moon and star, formed by subtraction from the two preceding columns. 

In the next column we have, in the upper line of each pair, the apparent semi- 
diameter of the moon as seen from the place of observation, using Oudemans's value 
of the ratio of the diaineter of the moon to that of the eai'th. The lower line gives 
the tabular distance of the centre of the moon from the star, deduced from the num- 
bers of the preceding column. If the observations and all the elements of reduction 
wei'e correct, these two numbers should be identical. The expression of the differ- 
ence in terms of the elements which the observations will enable us to correct is the 
work of the following section. 

The last column gives, in the upper line of each pair, the longitude of the s^ul at 
the time of the observation, and, in the lower line, the elongation of the star east of 
the sun. The latter number affords the argument for taking out the aben-ation of the 
strar from the proper table, and for determining whether the phenomenon was observed 
at the bright or the dark limb of the moon. 
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RESEARCHES ON THE MOTION OF THE MOON. 
Tabular Exhibit of Reduction of the Occultations. 

OCCULTATIONS OBSERVED BY RULLIALDUS. 



Star occulted, 
[Place of obs.] 



[Loudon.] 

II Taiiri, I. . 

[Loudon.] 

[Paris.] 

E Tauri, i. . 

[Paris.] 



June 17 
1634, 



q 29 43 
15 12 50 



1639. 
Apr. 7 



Apr. r3 1 9 42 7 



4 30 40. 5 
I 23 59.4 



4-4 jfi 35-2 
&7 33 1 



144 7 15.6 
144 39 



67 6 57.7 

63 13 57.0 
()3 26 41.7 



+ 34 25,8 
+ 27 9.8 
+ 4 12 15.0 
+ 4 O 49.7 
+ 36 9.7 

+0 40 13,4 



[DigriD.] 
^ SagLltarii, L 

[Digne.] 
Mars, I. . . 

[Paris.] 
Mars, E. . . 

7 Capricorni, r. 

[Digno.] 
Pl.Eleclra,{*)I. 

[Aix.] 
PI, Maia, (t) 1. 

Pl.Mcrope, (rf)I 

n Tauri, I. . 

PI. Me rope. I. 

[Aix.J 



[Digne.] 



1627, 


10 30 


1627, 


10 54 1; 


Sept. 13 


22 44 17 


■632, 


15 i3 39 


Feb. 5 


12 21 29 


1632, 


15 47 15 


Feb. 5 


12 50 9 


1^35. 


*9 47 49 


Aug, 26 


20 7 r4 


1637. 


a 4S SB 


Mar, 2g 


9 18 49 


1637, 


9 22 47 


Mar, 29 


9 52 43 


1637, 


9 32 21 


Mar, 29 


10 2 30 


i<>37, 


9 48 54 


Mar. 29 


10 18 55 


1638, 


7 39 34 


Jan, 24 


3 55 58 


163B, 


8 35 10 


Jan. 24 


4 51 42 


■ 163B, 


16 36 34 


Dec. 20 


10 35 29 



B 13 23 
6 II 37 



GASSENDUS. 



144 50 9, 
+ 1 25 40. 
273 37 23. 

+ 2 26 51 

+4 5S 1! 

136 4^ : 

+4 58 < 
316 3" ( 
-I 26 ( 

54 54 41 
+4 38 53. 



55 20 43,7 



+ 4 7 54- 
55 06 05 






144 24 50 


8 


144 39 4 


8 


277 59 43 


8 


278 15 14 


4 


136 14 I. 


5 


136 23 41 


2 


i3t) 27 35 


5 


136 23 25 


6 


3v6 41 32 


I 


54 3 10 


2 


54 20 46 


4 


54 53 15 


° 


54 ^'' 53 





54 3S I 


3 


54 39 20 


3 


54 55 3& 


4 


54 23 5 


a 


54 39 3 


6 


54 45 30 


9 


54 56 38 


3 


90 00 48 


° 


90 £5 45 



+ 34 si.o 


- 853 


3 935-4 


+ 27 9 




+ 461 


3 970 


° 


+ 1 46 43 


4 


- 931 


i 903 





1 42 31 


9 


4- 256 


5 965 


4 


+4 20 32 


3 


- 569 


945 


I 


+ 4 33 30 


6 


- 777 


a 962 


6 


+ 4 18 16 





+ 250 


5 944 


3 


+ 4 33 30 


6 


- 914 


6 948 





-2 19 36 


7 


- 887 


6 982 


3 


-2 31 30 


2 


+ 713 


S 1138 


3 


+4 13 45 


8 


-1056 


3 979 


6 


+4 9 II 


2 


+ 274 


6 io88 


6 


+4 10 34 


3 


- 3i8 


2 978 





+4 21 II 


6 


- (-37 


3|I035 


4 


+ 4 9 37 


T 


- 534 


9' 977 


6 


+ 3 55 a 


4 


+ 868 


7 1019 


4 


+4 7 58 


6 


- 976 


976 


8 


+4 50 


5 


+ 428 


I .063 


6 


+ 3 49 12 


9 


- 95a 


3 973 


3 


+ 3 55 9 


■ 


- 356 


2 ro2o 


3 


+ 3 48 54 


3 


- 668 


9 972 


6 


+4 51 


2 


- 716 


9 979 


4 


-0 47 '9 


5 


- 897 


2 979 


2 


-0 51 18 




+ 238 


9 928 


^ 



*This local time should be increased by a™ 23". See p 
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RESEARCHES ON THE MOTION OF THE MOON. 
Tabular Exhibit of Reduction of t!u Occultations — Continued. 



HEVELIUS AT DANTZIG. 



Slar occulted.; 



a Tauri, E, . 
B. A. C, g20 . 
53 Tauri, I, . 
/J Scorpii. E. . 
"Virguiis.I. 
71 Tauii, I. . 
P Tauri, I. . 



Not idcnlificd 



Not identified 



Not idontified 



Nov. 14 
1644, 
Nov. 14 



1658, 
1660. 

June 17 
Mar. 14 



[5 50 39 
7 29 3' 
!3 33 6 



8 34 43 
7 15 36 
:i 655 
o 41 15 



10 56 25 
16 43 35 
9 39 25 
9 6 57 



Aug, 13 


.9 4 4 


1663. 


10 5 31 
ig 54 & 


1664, 
Mar. 31 


g 24 20 
10 3 51 


1664, 
Mar. 31 


10 16 6 
to'55 45 


1671, 
Mar. 14 


9 3 34 
8 33 15 



g 55 25 
5 25 15 



14 36 
12 18 30 



64 59 57. 

-5 o 50, 

65 38 3. 
-5 o 43, 

64 27 23, 
-4 51 50. 

^5 9 5' 
-4 50 3' 

44 7-ig. 

+4 54 



-4 54 5> 

46 30 41 

+ 3 35 3* 

4''i 32 3: 

+ 3 35 4' 



64 33 : 
64 50 



64 33 4g. 
64 50 40. 



lyq 6 31 

62 26 29. 

6a 3g iS 

6a 56 45 

63 14 54 

62 58 32 

63 14 33 
325 3() 9 
3=5 47 37 
325 57 8 
325 47 37 

64 49 36 

65 5 43 

65 5 43. 
45 43 50. 



-5 36 14- 
-S 29 32 
-5 ^b 32 



-5 27 53 
-5 2g 31 

i-4 26 39. 



-5 53 19' 
-5 52 37 
-5 53 27. 
-5 47 O. 
-o 26 21, 
-o 15 47. 
-o 27 sg. 
-o 15 47. 
-5 34 27. 
-5 29 29 
- 5 35 55. 
-5 29 2g. 
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RESEARCHES ON THE MOTION OF THE MOON, 
Tabular Exhibit of Reduction of the Occupations — Continued. 



HEVELIUS AT DANTZIG— Continued, 






■0 . 


e 


ra 












No, Star occuKcd, 


Date. 


a ^ 

ii 


s . 


ill 


Apparent Position of 
Moon and Star. 




s 

D 


G 






Longitud 

9 199 " 50 




35 


a Virgmis, I, , 


1671, 


k m s 


& m J- 
9 33 25 


5-255. 


- 897,6 


889-4 


32.4 






Apr. 22 


12 50 45 




-I 21 33 


1 199 15 48 


I -2 I 46.4 


~ 196.8 


918,7 


166,9 


36 


« Virginia. E. . 


1671, 


11 56 30 


10 41 54 


199 14 31 


7 igg 2C 19 


6 -3 II 39. 


+ 631.5 


889.1 








Apr, 22 


14 026 




-I 24 22 


7 199 15 48 


I- -3 I 46.4 


- 592.8 


865.8 




37 


PL Cel., i6f, I, 


1672, 


12 3f> 33 


II 21 57 


54 47 19 


4 54 37 6 


5 +4 28 33, e 


- 925.7 


1004.8 


223-9 






NOF, 5 


3 40 15 




+ 4 57 57 


4 54 52 32 


2 +4 19 54. 


+ 519-5 


I059-5 


191. 5 


38 


Pl,Tay„ 19^, I, 


1672, 
Nov, 5 


3 52 2 


II 33 42 


54 54 37 
•t-4 58 3 


2 34 42 42 

5S 18 


+4 29 2,0 
6 4-4 29 4.6 


-1056,6 
- 2.6 


1004.7 
1053.4 




39 


PI, Maia. 20 f, 1, 


1673, 
Nov. 5 


13 7 4 
4 10 51 


.1 52 28 


55 & 16 
+ 4 58 II 


2 54 51 39 
9 55 7 14 


7 +4 29 45-2 

8 +4 21 23.3 


- 935-1 
+ 501.9 


1004-6 
1058.8 




40 


Pl-Tay„ 19 r, I. 


i673, 


8 5 it. 


6 51 10 


55 30 31 


7 54 49 24 


9 +4 41 21.0 


- 640.8 


963-3 


2.5 






Mar, 22 


8 8 51 




+ 5 10 52 


8 55 5 


7 +4 29 6,0 


+ 735-0 


974.5 


52.5 


41 


Pl.Tay.,i8«,I. 


1673, 


8 S 46 


6 54 10 


55 32 15 


8 54 50 58 


8 -H4 41 13,4 


- 808.5 


963.2 








Mar. 22 


8 II 53 




+ 5 10 53 


55 4 27 


3 +4 51 0.2 


- 586.8 


996.5 




42 


PI. AsL.. 21 /■, 1. 


1673, 


S 19 46 


7 ; JO 


55 38 3D 


3 54 56 44 


a +4 4" 45-0 


- 831,2 


962,8 








Mar. 22 


S 22 54 




+ 5 ID 53 


4 55 10 3& 


+4 32 5-1 


+ 519-9 


978,3 




43 


PI. Asl., 22 I, I. 


1673, 


8 24 46 


7 .010 


55 41 29 


I 54 59 22 


7 +44031.1 


- 764-5 


962.7 








Mar. 23 


8 27 55 




+ 5 to 53 


6 55 12 7 


2 4-4 30 6.0 


+ 625.1 


935-8 




44 


Pi. Eke, 17 i, I, 


.674, 


13 41 29 


IS 26 53 


54 20 22 


6 54,37 12 


a +4 3 26. 


- 907-3 


923.4 


150,6 






Aug-. 33 


23 51 42 




4-4 43 56 


3 54 52 20 


I +4 9 24.4 


- 358,4 


973-4 


264.3 


45 


PI,Cel.,if>^, I. 


1674, 


14 8 59 


12 54 23 


54 34 48 


2 54 49 i^ 


5 +4 4 38.5 


- 247.4 


924.4 








Aug. 23 


ig 16 




+4 42 23 


a 54 53 43 


9 +4 19 55-9 


- 917-4 


949-5 




46 


Pl,Mer„23rf, 1. 


1674, 


14 25 59 


[3 II 23 


54 43 43 


54 56 56 


3 +4 5 22,6 


- 758.3 


925,0 








Aug, 23 


3fi ") 




+4 42 3 


5 55 9 34 


6 4-3 55 22.1 


+ 600.5 


Q65.8 




47 


PI. Cel„lf)^,E, 


I&74. 


14 33 29 


13 ^7 53 


54 47 9 


2 54 59 56 


7 +4 5 42.6 


+ 373-S 


925,1 








Aug. 23 


42 50 




+ 4 41 58 


2 54 53 43 


9 +4 19 55.9 


- 853.3 


929,0 




43 


PI. Maia, 20 ^, I, 


I&74, 


14 43 59 


13 29 23 


54 53 10 


9 55 4 53 


7+46 10.9 


- 312,8 


925-5 






Aug. 23 


54 32 




+ 4 41 44 


55 8 2f) 


5 +4 21 25,3 


- 914.4 


93S.4 




45 j PI, Elec.,17 ^, E. 


1674. 


14 51 29 


13 3<> 53 


54 57 7 


2 55 8 fi 


3 +4 ft 29.3 


t 946.2 


925.7 








Aug, 33 


I I 53 




+ 4 41 34 


7 54 52 20 


1 +4 9 24.4 


175-2 


959.3 




;0 


Pl.Alcj„25);,T. 


1674, 


IS I 39 


13 4(i 53 


55 2 22 


6 55 12 21 


3+46 52.9 


888,3 


926,0 








Aiiff.23 


I II 55 




+ 4 41 22 


1 55 27 9 


6 +4 I 4-1 


+ 343.5 


952-2 




SI PI. Maia, M ,r, E. 


1674, 


(5 4 29 


13 49 53 


55 3 56 


5 55 13 3& 


5 +4 7 0.3 


4- 310.1 


926.1 


150,6 






Aug, 23 


I 14 56 




4-4 41 18 


6 55 8 26 


4 +4 21 25.3 


- 865.0 


918-4 


264.5 \ 


52 


PI, Mer„23rf, E, 


1674, 


15 16 49 


4 2 13 


55 10 25 


3 55 i3 47 


+4 7 28,2 


+ 552-5 


926-4 








Aug. 23 


I 27 IS 




+4 41 3 


3 55 9 34 


5 +3 55 22.1 


-t- 726.1 


911.6 
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KliSEARCHES ON THE M0T10>J OF THE MOON. 
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HEVELIUS AT DANTZIG— Coiilinued. 



No 


S.„oco,. 


ed. D^lc 






III 

s 


Apparent 
Moon 


Posiiio 
and Sta 


n or 


[-1. 
b'-B 


S 
I) 


! ■ 






Longitudes 


Lalil 


udes. 





V, E. ; jf)74, .16 S 34 r4 53 4S =5 373i. 

Aug.23 2 Tg 1 , . . . +4 39 59. 

, . 167 = , : 3 S 32 6 53 sfij in 30 48. 

[ail. Ti : 3 33 45! ■ ■ • ! -0 (j [5. 

m,I. 1675, i 8 43 2, 7 23 26j III 51 1, 

Jaa. u' 4 S21' . . .: -o 3 7. 

. . if>75, 8 sy 7 7 44 31 '^^ 

Jan. M 4 24 29 . . . -09 



SsGeminor 


.m,E.: 1675, 


9 16 ;2 3 2 j6 


ri2 1 


3 51 




Jan 1, 


4 42 16 . , . 


-0 


9 57 


Mats. I. . 


. . ift7f., 


13 34 33 12 19 57' 77 2 


>.45 




Aug. 3, 


IS 20. . . . 1 TO 


■) '9 


Mars, E. . 


, . ■C76, 


14 45 4S [3 31 1=1 78 


52 




■ Aug,3i 


1 29 46 . . . 


+0 


J 12 



62 ^Orioiiis,!. 



64 1-= Lib™, I. 



1676, j 14 52 54 13 33 18 j 78 5 

Aug.31 I I 36 54, . . . ! +0 5 

167S, j 7 37 52, 6 23 Ifi; 83 41 30. 

Mar.23! B 3 43! , . . -3 7 4' 

i& 34 35 17 

.-311 31 



. r) 22 521 



i67g. 14 50 30,13 35 54 220 9 ; 

Mar, 29 I 15 20 31 ; . . ■ I 4-1 9 

1679, I 14 58 10^13 43 31 I 220 13 J 

Mar. 29 I 15 26 13! . . . ] +1 9 i 

167,,, If. 6 10J14 3T 34! 220 43 

Mat. 29 16 36 23! . . . i 4-1 12 ! 

1^79, ! 16 14 45 [5 o 9 220 52 ! 



1 Mar 



4 59| ■ . ■ I +' ' 

5 6 1 1 5 1 30 I 30 



6S Ji.pite 


E. 




1679, 


7 14 17,15 49 4 


1 30384 


f,y pSiifiil 


„i 


' 


1679, 1 I 
June 24! 


1 f> 18. y SI 4 
7 18 42' . . 


2S4 41 2 
+ 4 57 3 


70 p Sagit 




E. . 


1679. h 


I 47 5 10 32 = 


2?5 4 5 








Junc24j 


7 59 36 ■ ■ 


i-.| 57 5 















55 39 53. 
55 27 9' 



4 77 53 31 

3' 78 9 : 



7. 73 10 18. 
7 78 27 50. 



1 -0 27 57. 
3 I -0 29 3 



g. -3 4" 14. 



3 33 40. 



5 284 50 5 
9' 284 59 

o 285 S 



+ 4 9 12.2,4- 763.61 

■ 487. bI . 



-3 47 33 
-3 43 3' 



5 4-4 15 40. 



9!-f- 540. o| 955 
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RESEARCHES ON THE MOTION OF TI]E MOON, 
Tabular Exhibit of Reduction of ike Occultations — Continued. 



HEVELIUS AT DANT2IG— Commued. 



74 ; « T.uiri, E. 



3 30 20 



16S3, 
Jan. 9 

16S3, 
Jan. ■) 

16B3. 
Apr. 3 

1683, 
Apr. 2 

1683, 
Apr. 3 

THE CASSINIS AND OTHERS AT THE 



■o 43 1^ 

:o 3t 5fi 



65 36 5' 
-4 4' 35 

-4 54 29 

-4 53 6 
7y 16 42 

-4 3 47 



85 Gen 



1672, ![0 27 42.6 
Aug, 2 jig 16 
1675, i 8 18 



676, jio 32 18 
Eb. 29 rg ro 19, 

Feb. 29 |io 7 34. 

167B, ■ a 42 21 
Feb, 27 7 14 13. 

27 43 

1 23 50. 

2 13 50-6 
9 18 43.5 

9 34 17- 

3 39 24. 



9 24 56-8 

9 58 49-7 



246 54 51. 
-5 13 26. 



169 3 17, 
-4 56 59. 

169 37 32, 

-4 57 31. 
63 40 50. 



b\ 55 II 
-5 3 26 

90 23 ^h 
—f, 39 6 



65 20 :4. 
65 4 42. 

65 2i 54- 

C5 37 17- 
(^l 21 54. 
78 40 7, 
78 5a 17-0 

78 59 55.9 

79 16 52. 
79 12 56 
78 58 i7-0 



— 5 26 08 

-5 29 22 

-5 24 41. 
-5 29 22. 
-5 28 57. 



-4 43 30 ■ 
-4 43 35. 



l~L 


S 




b--B 


D 


L 


-1046,9 


1005. 


] 


+ 193-9 


1060. c 


t 


+ 969- 3 
-h 281.3 


1006. 




-1031.8 


968.3 


2 


+ 25.0 


1025. 


' 


+ 922.9 


967.9 




+ 141. 2 


938.6 




-1089.6 


939-7 




+ 5.5 


1086.2 




-1016.2 


93S.6 




+ 219.3 


1036.7 




+ S79-0 


937-8 




- 55.3 


378.2 





PARIS OBSERVATORY. 



246 38 9.8 

246 S3 25.3 



169 39 32, (, 
169 5[ 53. 



i&y 51 53- 
63 17 5'. 



90 50 17.3 

90 54 I7.t 

91 3 3.1 
90 54 17. 8 



-0 54 

30 38. 



915.5 8B7. 
12.5! 910, 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 
Tabular Mxhibit of Reductiofi of the Occultaitons — Continued- 



THE CASSINIS AND OTHERS AT THE PARIS OBSERVATORY— Contii 



j 

No 


S,.,occ.,.0. 


Date. 


1 '^ 
-A *" 


% 
1 ^ 


i ill 

i s 


Apparent 
Moon 


Position cf 
and Star. 


h--B 


D 


© 

U-0 


Longitudes 


Latitudes. 








h m s 


/( W I 










S8 


B, A. C. 3579. 1. 


1686, 


9 55 2 


9 45 41 


I4g 21 46. c 


149 2 2. 


+ 4 18 59 


- 756- 


895-9. 94-6 






June 25 


■ (. 12 3J. 




' +5 8 36.6 


149 '4 38- 


+ 4 27 38.4 


- 519- 


9,5.4. 54.6 ' 


89 


B. A.C. 5395 - 


:6S&, 


9 22 56 


9 13 35 


240 53 20.4 


241 2 45. 


-0 6 2.2 


-J- ,04. 


,SS.= ,o,.3 






Jufy 2 


[6 7 59-C 




+ 49 lo.c 


241 r i.o -0 g 55.5 


+ 235. 3| . ■■'39-7 


! 90 


W. IT, 1656 . . 


1689, 

Mays, 


9 38 37 

13 39 ■'■9 


9 29 16 


+ 5 7 30-0 


99 42 8. 


V— 




gSo.2' 6t.4 


,. 


136 Taiui.E. . 


ifiO". 


11 38 If) 


11 28 55 


85 7 20.7 


84 28 59.0 +4 27 39. 7 




9S0.3 24.4 






Apr. 13 


,3 8 21.2 




+ 5 12 56.4 


84 II 28. 


+ 4 8 32,6 




. .1 59-8 . 


1 t)2 


2; Taurul. . . 


1 690. 


75 8 =9 


14 59 3 


55 1748.. 


55 46 28. 


+ 3 46 34-8 


- 929-7 


,„.„,o,.3 






,„„. 


54 2^>- 








+ 3 S3 7.1 


- 392.3 




! 






* ! 


j LA HIRE. 


; 93 


fli Tauri, I. . . 


!682, 


7 '3 52-2 


7 4 3..2 


63 27 54.6 


63 13 44-5 


-5 48 7.9 


-tO,0.2 


973-3 


327 7 1 






f eb. 15 


4 58 18-5 




-5 17 40.1 


63 30 34-7 


-5 46 53.0 


- 74.7 


1008.2 


95-8 ; 


j <U 


fi^Tami. I. . . 


1682. 


^ i6 17.2 


7 656.2 


63 29 jB.8 


63 14 45-8 


-5 48 4.8 


- g70.o 


973-3 








Feb. 15 


5 43.9 




-5 17 40-0 


63 30 55.8 


-5 52 31-8 


+ 267.0 


loot. 3 




\ ^^ 


/I Gcniinomm, I. 


[684, 


9 34 19-2 


9 34 58.2 


go 28 46.5 


90 50 17.8 


-I 5 55-' 


- 240,, 


9,1-4 


271.0 






Dec. 21 


3 39 2<>.i 




-039 6.2 


90 54 17-9 


-0 51 3-4 


- 8g2.7 


924.2 


179-9 


56 


^Geminoium.E. 


1684, 


(0 7 58-3 


9 5S 37.3 


90 45 58.5 


91 3 7.4 


-' 3 15-3 


+ 529-5 


912,1 








Dec. 21 


4 13 10.8 




-" 37 31.5 


90 54 17, g 


-0 51 2.4 


- 732.9 


904.2 




97 


H GominoLiim, I, 


■685, 


9 33 49-0 


g 29 28 


85 44 7.8 


86 18 38. 8 


~o 12 22.5 


— 9'0-5 


889., 


205.2 






Oct, n 


23 26 43-3 




+0 2fi 56. J 


86 33 49.3 


-0 12 16.2 


~ 6.3 


9,0.5 


24r.3 


9S 


nTaud.I. . . 


■699, 


13 44 40.8 


■3 35 '9-f 


64 56 17-2 


65 25 52.2 


-5 42 42.0 


- 578., 


972-5 


,46., 






Aug. IS 


23 35 9-6 




-4 57 48-S 


65 35 30-3 


-5 2g 17.2 


- 804. S 


989.5 


279- 5 


99 


u Tauri, E. . . 


1699, 


14 Z3 40-8 


14 13 19.8 


65 18 35-8 


65 46 3-1 


-5 4' 18.4 


+ 632.6 


974.3 








Aug r8 






-4 58 26.7 


65 35 30-3 


-5 29 '7.2 


- 72, .2 


957-4 




100 


« Taij.-i, I, . . 


1701. 


17 59 ^5-3 


17 50 4.3 


&5 49 34-8 


65 27 50-1 


-5 17 15.4 


- 577.3 


9,4-3 


179-5 






Sepi.22 


6 6 40,8 




— 4 49 46.9 


65 37 27.4 


-5 29 16,8 


+ 731.4 


933-5 


246., 


.01 


a Tauri.E. . . 


1701, 


8 45 43 8 


18 36 22.8 


66 13 21.0 


65 45 30.6 


-5 16 33.5 


+ 483.2 


9,3,6 








Sep.. 22 


6 53 6-9 




-4 49 2.1 


65 37 37.4 


-5 29 ,6.8 


+ 763-3 


902.2 




ro. 


Jupito-,1. . . 


17'5- 
July 24 

1715, 


3 3»3..3 


3 29 17.3 


51 34 38.5 


52 I 38.4 


-I 12 28.8 




973," 


290 


103 


Jupiter. E. . . 


4 15 3-8 


4 5 42.8 


SI 55 54-5 








974-5 






July 24 






-0 24 47-4 












104 


B. A.C. 8184, 1, 


1718, 


8 42 44. ■ 


8 33 23,1 


347 021.4 


347 8 35,4 


-0 55 5-1 


- 525-1 


883.7 


,66.6 




1 


Sept. 9 


9 56 45-2 




-0 5 lS-6 


347 17 20.5 


~i 7 6-3 


+ 721.2 


89,. 9 


1S0.7 
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RESEARCHES ON THE MOTION OF THE Moon, 
Tabular Exhibit of Reduction of the Ocm/ta/ions—Conthmcd. 



CASSINI, ETC.— SERIES 11 



nulled, j natc, 



1705, 



Aug, 4 

1705, 
Sept, 2 

Sept. 2 

Jan. 23 



3^ 


ii 

1 ^ 

'3 


h m 1 
'5 23 5S 

11 4S && 

22 36 27 

12 50 ig 

23 38 0.3 
" 13 34 

12 31 5,1 

9 ' g 
10 58 56.7 


15 14 37 
" 39 35 
12 40 58 

11 4 13 

12 22 33 

8 sr 48 



Moon and Slai, 



Loiigimdes. I Latitude 



-4 48 34,4 
334 3& 37. 



-5 17 37. 

-5 41) 17. 



334 '5 32.8 

-4 58 2-.S 334 29 30 

335 15 49. g 334 45 1' 

-4 57 56-' 334 2g 30 

64 2& 16,0 63 53 56,5 

+ 1 10 23.8 64 5 50.4, -1-0 35 

117 34 14.5 117 2g St,. 4 44 12 

+ 4 3fi 33.1 117 43 -1-' +4 21 

143 36 o.s (43 35 29. S +4 42 

+ 5 12 27. B 143 48 2T.S 4-4 50 56, 

Ni'a correction for deviaiion of quadra 



e deviation found on and after Maj', 1706, the results will be as follows ;- 

313 18 34. 5| 312 34 

-4 48 34.7 312 46 5.E 







T3iiri 


i. . . 


Tauri 


L . . 


Tauri 


E. . . 


Cancr 


L . . 


Leo. 


,1, . , 


Leon. 


,E. . . 


Virgin 


is. !. . 



1705. 


T5 24 20 


15 14 59 


Aug. 4 


18 f.,2 




'T>i. 


II 49 li 


11 3g 50 


Sept, 2 


22 3t 42,0 




1705, 


12 50 34 


12 41 13 


Sept. 2 


23 33 15-3 




1706, 


11 13 52 


11 4 31 


Jan, 23 


7 23 4.6 




1706, 


11 36 15 


11 26 54 


Jan. 23 


7 47 31.3 




i7ob. 


n 3& 58 


11 27 37 


Jan. 23 






1706, 


11 46 8 


11 36 47 


Jan, 23 


7 57 25,9 




.706, 
Jan. 27 


8 59 23.8 


12 22 51 


1706, 


g I 29 


8 53 8 


Apr,2T 


10 59 16,6 




T706. 


g 55 5 


9 45 44 


Apr.2! 


" 53 1.6 




1706. 


10 47 51 


10 38 30 


May 24 


14 it 2,5 





334 3& 47.0! 334 15 39. 
334 Z9 30- 



35 15 59- 
-4 57 56. 



64 40 59 

+ 1 II 29,3 

64 41 23-5 

+ 1 II 3'- 

64 46 52- 

+ 1 II 57- 

117 34 24. 

+ 4 3fi 33- 



144 3 23 3 
+ 5 12. 3-8 



334 45 "8. 
334 29 30, 

63 54 4.6 

64 5 50. 
64 4 17.9 
64 5 30 
64 4 37-9 
fi4 5 30.7 
(>4 8 53.5 
'>4 5 30. 



143 56 7.6 
143 48 



S 40,31 212 5i 39,4 



-5 17 37 
-5 49 17. 
-5 39 



+0 45 19. 

+ 35 44. 
+ c 45 46, 
+ 30 6, 

+ 45 47. 
+ 30 6. 

+ 45 55. 
+ 30 6, 



4 42 8 
4 50 55 



-705,6 
l-574-^ 



-777.7 
-538. 
-763,8 
-526.7 
+ 466.3 
-769-8 
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fiESEARCHES ON THE MOTION OF THE MOON. 
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CASSINI, ETC— SERIES II— Coniiiiued, 



nculteJ. , Dale 



I 124 I 1 Scorpii, I. , 

;i25 "Scoipii, E. . 
! 1261 Venus, I,. , 






1321 PI.Tay.,ig^, I. 



Apparent Position of ' 

Moon and Star. /_/ 



Longiiudes, 1 Laiiiudi 



I 3 35 6 
1 19 24 7.' 



1709, 



Feb. 23 = 28 30. 
170?, 

I70i 
Sept. 



7 17 53 
5 23 45 
9 36 i6 



I 4S 5 23 58 34 



32 43 25 52. 
+ r 33' 3^. 

7 37 33 ; 245 43 16. 



359 32 17 

-o 46 37 

63 53 22 

+4 46 43 



. 1709. 
; Apr. 20 

. 1709. 

1709 
Sepi.as'ao 28 23.4 

. 1709, 8 22 34 

I Sep[.23 20 32 24 
I 1709, 8 41 24 
I Sept,23|2o 51 19. 1 

jg 532 

Sepe.23:2i 15 31.1 
1709 



PI. Elec, 17 *, I. 



1710, 
Dec. 4 



PI, Asl., 2r k, I. 
PI, Asi., 21 /■, E. 



5 49 
I22 41 49.5 , 



23 38 56. 
42 34 14. 



4i 245 3. 

SJ 345 40 57, 

3: 245 49 24 
3' 245 40 57 



358 55 26. 
64 19 54 



331 39 


29 


6 331 10 S 


-0 48 


34 


8' 331 20 30 


54 59 


50 


I 55 =4 rt 


+ 5 4 


3 


9 55 37 47 


55 • 


59 


55 26 33 


+ 5 4 


7 


55 31 I 


55 12 


I 


55 37 30 


+ 5 4 




4 55 43 '3 


55 34 


53 


7 55 51 14 


+ 5 4 


39 


5 55 43 3 


55 26 


-4 


8 55 52 38 


+ 5 4 


41 


4 55 3; 47 



55 12 1 


7, 


55 37 30 


+ 4 57 46 


■^1 


55 44 ir 


55 16 25 


'1 


55 41 40 


4-4 57 41 




55 42 40 


55 22 5S 


4 


55 47 46 


4-4 57 3S 


7 


55 42 40 



4 43 36 
\ 31 51 
4 43 54 
4 31 5'. 



3 50. 
+ 3 55 
+ 3 59 



.91025 

■3 99& 


.91005 


.9 889 


8 905 


8 933 


947 


9 933 


6 940 


958 


61042 


9 9S5 


21003 


4 889 


81067 


6 921 


928 


2 921 


fl 931 


8 922 


3 939 


4 923 


4 919 


923 


2 922 


4 S99 


9 910 


3 902. 


5 9'5 


6 g02. 


9 912. 


2 903- 
5 915- 
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CASSINI, ETC. 


-SERIFS II 


-C..,.„„d. 




No 


Star occiilled. 


Date. 


Local Mean and 
Sidereal Times. 

1 
Greenwich Mean 
Time. 


1 ~ d 

1 s 


Apparent Position of 
Moon and Star. 


I'-L ■ y 1 
h~B ■ n \l-q 


1 
Longitudes. ; Latitudes. 








h m s \ h m s 


, . „ 








140 


Pl.Maia, 2or, E. 


I7'0, 


6 15 3g j 6 6 18 


55 30 0. 


55 54 lo- 


+ 4 18 47- 


1- 904.21 903.71 . . 






Dec. 4 


» 8 4.,] . . . 


■ +4 57 =9. 


ss 39 6.C 


+ 4 21 37. 


- 170. 6| 917.6; - . 


141 


Pl.Maia, 20f, I. 


1711, 


15 36 40 [rs 27 iq 


55 38 44- 


55 zf> 7-4 


+ 4 It 34- 


- 3,3.8| 897.2I186.9 






Sept. 30 


4 13 ^4.7! . - . 


+ 4 35 32. 


55 39 4'. 2 


+4 21 36. 


- 422-0! 9,4.7 


223.8 


142 


PI. Tay., if,^, 1. 


I7M, 


15 44 39 '5 35 18 


55 42 4'. 


S5 28 53.7 


+4 '4 37. 


- 231.3! 8^7.2 








Sept. 30 


4 21 25 . . . 


+ 4 35 23.4 


55 32 45-Oj -f4 29 17. 


— 880. :■ 909.8 




'43 


PI. Alcyone, ,;. 1. 


!7", 


.6 47 25 !l6 38 4 


56 13 4[. 


55 50 58.5! +4 14 23. 


- 445.5 896.3 


Ifi6.9 






Sepi. 30 


5.4-.3i. . . 


+4 34 15. 


55 S8 24.0 +4 1 15. 


-1- 787.7 904.4!229.1 


144 


Pl.Maia, 20(, E. 


17", 


16 52 48 16 43 27 


56 16 20.fi 


55 52 54.4! +-I 14 iS. 


+ 793 2| 896.3 . . 






Sept. 30 


5 ag 45.2 . . . 


+ 4 34 9.C 


S5 39 41.2 


+.i 21 36. 


- 438-0 904.1 . . 


145 


PI. Alcyone, n. E. 




17 30 54 '}7 21 33 


56 35 9-0 


56 6 47-9 


+ 4 13 28.8 


-I- 504.0 895.5 ■ ■ 






Sept. 30 


6 7 57.4J . . . 


+ 4 33 26.2 


55 58 23,9 


+4 ' '5. 


+ 733. 3| 889.2! . . 


146 


<■ Lconis, I. . . 


I7'2, 


" 17 13 !" 7 52 


170 24 59-6 


170 13 4<'..8 


-5 28 30.3 


- 492.'! 947.4 


54-9 






May IS 


14 52 9.6; . . . 


-4 36 2r.7 


170 21 58.9 


-5 42 15- 


+ 824.81 959.2 


"5-5 


147 


e I-eoiiis, E. . . 


1712, 


[I 56 26 II 47 5 


170 46 5I-8 


'70 32 35.9 


-5 30 37-0 


+ 637.0 


946.3 








May 15 


15 3t 29.1 . . . 


-J 37 13-1 


170 21 58.9 


-5 42 15.1 


+ 698. J 


942.2 




148 


- Taud, I, . . 


17'4. 


10 25 29 jio 16 3 


7S 55 25.7 


78 15 54.4 


-..,.,., 


- 864.7 


931,2 


0.7 






Mar.2i 


10 21 32.0! . . . 


-0 40 13.7 


78 30 19.: 


-1 19 4'. 6 


■t- 377-7 


943-3 


77-8 


"49 


f Sagitlarii, I. . 


!7'4, 


■ 5 2&41 ;15 '7 20 


27S 55 '4.3 


279 '2 36.4 


+ ' 35 55-3 


- 904-0 


953.4 


'6.5 






Apr. 6 


[6 36 38.4! . . . 


+ 2 2q 27.0 


279 2; 40.4 


+ 1 4" 53-8 


- 358.5 


971-4 


263.0 


150 


fSagiimrii, E, . 


1714. 


16 35 56 16 30 35 


279 3& 37-2 


279 42 52-7 


+ T 3S 3.7 


■1- 912.3 


955 3 








Apr. 6 


7 40 5-5 ■ ■ ■ 


+ 2 32 40.6 


279 27 40-4 


+ 1 4' 53-8 


- 230.1 


940.4 




15' 


JPisciiim, L . 


'7IS, 


4 59 4 T4 49 43 


9 59 6.5 


9 57 55-7 


+2 20 57.1 




980.5 


"8.3 






Jtlly 21 


22 55 54-4 . ■ . 


+ 3 4 20.6 


10 10 34.0 


+ 2 10 13.3 


+ 643.8 


994-4 


251.9 


152 


-! Pisciiim, E, . 


1715, 


5 51 51 15 42 30 


10 30 13.4 


10 2t 33.3 


+ 2 22 26.4 


+ 659.3 


981.3! . . 






Julys, 


23 48 50 


1 . . . 


+ 3 2 g.i 


10 ,034.0 


+ 2 10 13.3 


-t- 733.1 


985.51 . . 


153 


Jiipiler, 1. , . 


17'5, 


3 37 59 


813 28 3S.8 


51 34 16. 


52 1 ,2.1 


-I ,3 28.7 


. . 973.0' . . 1 






July 24 


21 46 26 


6 . . . 


-0 22 52.8 








...... 


'54 


Jiipilcr, I. . . 


'7'5, 


13 39 15 


8'i3 29 54.8 


51 35 0.6 


52 I 56., 


-I 12 28.7 




. 973..! . - 1 






July 24 


21 47 42 


Si . . . 


-0 22 56. E 


. . . 






.1 . . 




'55 


Jupiler. E. . . 


'7'5, 
July 24 


42346 
22 32 20 


514 >4 25.5 

8i . . . 


52 I '.f 
-0 25 14.5 


52 27 6.5 






■: 974-9 




156 


Jupiter, E. . . 


I7'5, 


4 25 2 


514 '5 41.5 


52 I 46.0 


52 27 49.0 


-1 12 13.2 




. 975-0 








Jirly 24 


2 33 37 


. . . 


-0 25 18.4 








■ ■ -! ■ -1 


15; 


.Aqu.,-ii,l. . 


'715. 


1 55 55 In 46 34 


335 28 .8.4 


335 '8 5&-2 +■} 53 44-8 


- 532.9 9So.4J'42.2 






Aiig. 15 


I 30 49.2' . . . . 


-1-4 4' 49. f 


335 27 49.1 +4 7 37.7 


- 832.9 988.0193.3 
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CASSINI, ETC.— SERIES II— Ciintinued, 



Longitudes, Laliludef 



K Aquarii, E. 

159 j K Aquarii.l. 

Aquarii,!. 



; Aug.15 132 16 3.6 



I Ocl. q J2i 16 15.9 . 

, 1715, I 7 26 56 



.Dec. 301 1 < 14.' 
lfi[ a T^uri, I. . . 1717, 9 2 58 

162 j ra Tauvi. E. . . I 1717. ' 9 gs 18 

Sepl.25 22 13 33.2 



163 B. A. C. ( 



, I. 






164 



1 Tiiuri,] 



■65 



169 



a TaQri, E. . . 

a Tauri, E. . . 
7 Tauri, I. 

J. Virginis,!. . 

■70 Pi. Elec, T7 b. I. 

71 Pi. Cel„ili ^■, I. 

73 PI. Tay., igc, I. . 

73 PI, Maia, 20 .-, I. 

74; PI. Eloc, I7i. E. 

175 PI. Cel„i6,i;, E. 



Sept. 9 19 56 39,1 , 

1719. 7 42 58 I : 

Apr. 22 g 43 54.3 ■ 

1719, 8 32 27 S 

ipr,22 10 33 31.4 , 

i7ig. i 9 43 5 <-. 

Oct, 30 , o 17 23 



j 335 55 
-1-4 40 59.3 

j 335 21 14-1 

! +4 47 33.2 

j 335 5S 

I +4 32 2 

i 65 5 58.6 

! -4 36 58.0 

: 65 35 34.9 

I -438 17-2 



3 37 66 2o 37.3 



I 335 38 53-g 
I 335 27 41.1 



! i7'9, 
Nov. 26 



7 4 40 
23 24 58,9] . 



4 20 50.5 , 
2 4949 



.727, j.4 
Sept. 6 , I 

""' i" ' ■■ 1" 

Sept. G j I 5 33- ii ■ 

1727, 114 40 5 14 
Sept, 6 I 42 32.5 , 

1727. 14 42 16 I. 

1727, 
Sept. 6 

1727. 
Sept, 6 



-4 55 43- 

-4 56 

l36 to . 

+ 3 53 48-0 

186 26 4 

+ 3 54 4 



5 27 25-5 
+4 45 



5 20 39 
2 23 13. I 



65 34 

65 50 52. 

66 6 26. 

65 50 52. 



65 38 2 

65 51 'IS. a 



66 6 35. ( 

&5 52 47-C 

61 53 30.3 

1S6 II 1,6.5 

186 16 53. 8 

186 23 53.4 



55 23 55.9 

55 38 I 

55 37 I 

55 45 57- 
55 38 
55 52 

55 48 59- 

55 36 47- 

55 53 

55 39 I 



+ 3 55 37.0 
+4 7 37-7 
+ 3 58 40-0 
+4 7 39-0 
, +4 
+4 7 30-1 
-5 27 I 
-5 2Q 1 

-5 2q 1 

-O 55 



+ 664. 



-5 364 
-5 29 I 



-5 2g I 

-5 35 



-449. 
+ 700- 



-5 45 47.7 
^-3 4 44.3 



+4 29 23.1 
16 39.9 



7 970- 


8 981 


98s 


1 942 


4 954 


953 


7 970 


2 956 


6 943 


5 394 


6 910 


gtg 


908 


900 


goo 


5 89s 


4 899 


g07 


31003 


6 tool 


5 995 


6 924 


9 935 


6 Q25 


5 941 


4 926 


2 935 


7 926 


938 


9 926 


3 917 


fil 88 7 



166.6 

t3o.7 
31.9 

o; 34.0 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 
Tabular Exhibit of Reduction of the Ocmltatioiu — Continued. 









CASSINI, ETC- 


-SERIES 11 


-Con (in tied. 












No 


Star occulted. 


Dale. 


11 


1 ^ 




i 


ApparBiU 
Mo.™ a 


Posiliuii u 
nd Star, 


/-Z 


.9' 




Z-0 


Longitudes. 


Latiiudes 








// "i .t 


h m s 












i;6 


PI, Tay., 19 f, E. 


1737, 


13 35 50 


15 26 33 


55 56 44-3 


55 58 51-8 


+ 4 20 56 


4-774. o] 927.1 








Scpc. 6 


2.38 35-7 




+ 4 46 16.5 


55 45 57.8 


+ 4 29 23 


1 -507. 


923 






177 


n, Maia, 20f, E. 


1727, 


.6 03S 


15 61 17 


56 9 10,5 


56 8 12.7 


+ 4 22 40 


i -i-9[8. 


927 


5 








Sepl. 6 


3 3 18.7 




+4 46 47-5 


55 52 54-0 


+ 4 21 41 


9 + 58. gj 917 


9 




178 


oTsuri.I. . . 


173S, 


9 44 42 


9 35 21 


66 50.9 


65 53 42. ' 


-5 34 18 


2 -857. 


903 


4 


282.5 






Jan. 2 


4 33 5'. 4 




-■5 5 3(i-i 


66 7 59.3 


-5 29 10 


4 -3f>7. 


907 


1 


143.6 


I7g 


<iTauri,E. . . 


1738, 


11 5 57 


10 ;6 35 


6f) 41 44.9 


66 22 36.9 


-5 32 4' 


3 +877. 


9C3 


2 








Jan. 2 


5 55 I0-8 




-5 5 iS-S 


66 7 50-3 


-5 29 If 


4 -2,0. 


898 


5 




i8o 


a TiUiri, I. . . 


■738, 


5 33 53 


5 24 32 


fiS 27 45-8 


65 54 44 . 5 


-5 34 23 


3 -845. 


889 


6 


.„.. 






D.c. 23 


23 41 58.3 




-4 43 45.5 


66 S 49.8 


-5 29 09 


8 +287. 


889 


3 




iSi 


«Tauri,E. . . 


1738, 


fi 33 54 


& 24 33 


&5 57 27." 


66 20 43-7 


-5 20 15 


1 +713-9I 89! 










Dec, 23 


042 9.2 




-4 42 4'. 3 


66 8 49.8 


-5 29 10 


" -t 534. 


S8g 


5 




m 


(1 Tauri . , , 


'73'). 

Feb. 15 


7 10 

4 4t 23.5 


6 50 49 


59 ID 41.4 
-5 t 7.4 


5'9 2 40.0 


-5 2g 58 






327.0 
111.9 






DELISLE A 


r l.UXEMB 


JURG. 






.83 


r TaurM. . . 


1713, 


11 53 24.3 


II 4y 3-3 


63 5 59-0 


67 59 16.1 


+0 29 10 


3 -643. 


939.oi24g.4 ' 






Dec. J 


441 1.5 


. - . 


+0 53 38.8 


68 9 59.5 


-)-o 40 45 


7 -694. 


946 


8 


178.8 


184 


B. A, C. 1373, I. 


J7N, 


g 16 0.2 


9 f> 39.3 


(15 15 35-8 


64 33 0.2 


-HO 3 


7 -555- 


947 


5 


359-7 






Mai. 20 


() 7 55.2 




4-0 32 12.3 


(>4 42 15.5 


-0 9 54 


6 +775- 


953 


6 


65 


185 


" Tauri, I. . . 


i7'4, 


10 25 28. g 


10 16 7,g 


78 55 25.6 


78 15 54.9 


-I 13 24 


4 -864. 


931 


2 


0.7 






Mar. 21 


ro 21 3t.g 




-0 40 13.7 


78 30 19.4 


-t ig 41 


4 +377-t 


943 


5 


77.3 


m 


f Sagidam.I. . 


17M. 


15 26 41.6 


15 17 20.6 


278 55 14.8 


279 12 36.7 


+ 1 35 55 


7 -903. 


953 


4 


16.5 






Apr. fi 


16 25 39.0 




+ 2 29 27.0 


279 27 40.0 


+ ' 41 53 


7 -358. r 


971 


4 


262' 


187 


f S^git.aMi.E. . 


I7r4, 


ifi 39 56.3 


16 30 35.3 


279 36 36.7 


279 42 52.2 


+ 1 33 3 


6 4-912. 


955 


3 








Apr. 6 


17 40 5.8 




+ 2 32 40.6 


279 27 40,0 


+ 1 41 53 


7 -23'5- 


940 


4 




188 


«=TaurL,E, . . 


1714, 


9 10 0.7 


9 39.7 


61 49 47.1 


62 19 5.6 


-0 54 23 


9 -1-841. 


9t^S 


4 


134.2 






Scpl. 27 


21 3+ 56.E 




-0 438.7 


62 5 3-8 


-0 46 57 


9 -446. c 


952 


5 


237-9 


.8g 


« Cancri. E. . . 


1714. 


r4 47 21,3 


■4 38 0.3 


129 8 31,3 


129 52 43-4 


-5 12 S3 


9 +S00.3 


899 


7 


189.1 






Ocl, 2 


3 32 55.6 




-4 45 8.6 


129 39 23.1 


-5 6 g 


6 -404.3 


S93 


6 


300.6 


I go 


a Tauti, I. , . 


1 717, 


g 3 4.3 


8 53 44.0 


65 542.7 


65 34 48.7 


- 5 27 16 


2 -964.2 


953 


4 


132-5 






Sept. 25 


31 21 10. 9 




-4 36 58.2 


65 50 52.9 


-5 29 12 


6 +116. 4 


966 


9 


243-3 


T9[ 


a T:iuri,.E. , . 


1717, 


9 55 23.0 


946 2.7 


65 35 38.3 


66 6 28.5 


-5 26 27 


3 -t-935.6 


956 











Sept, 25 


22 13 38.2 




-4 38 i3.5 


65 50 52.9 


-5 29 12 


6 +165.3 


946 







ig2 


IGeminotum,!. 


1718, 


3 33 55-0 


13 24 34.7 


105 55. -2 


104 42 27.3 


-5 25 9 


9 -524.7 


[014 


1 


295.2 






Jan. 15 


9 14 20.3 




-4 49 15.7 


104 51 12,0 


-5 39 54 


6 +884. 


.028 


° 


169.6 
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1 DELXSLE AT LUXEMBOURG— Continued, 
j 


1 

No. Siaioccullod. 


DatK. 

1 


li 

s -3 


• 




is i 


Appareiil Position of 
Moon and Slar. 


b'-B 


j 

D 









Longitude 


. Latitudes. 






! 


/l III s 


h 1,1 j 








, 






1 J93' raTaii.i, [. . . 


1718, 


6 31 35. 


622 ,;. 


6s 3S 41. 


65 35 6 


5 -5 25 41. 


-961. 


965 


9320.6 




' Feb. g 


3 49 25- 




-4 53 48. 


65 51 7. 


9 -5 29 16. 


+215. 


gS, 


2105.3 


■ 9+ B. A.C.S134, I, 


1 '7'8, 


8 42 37- 


8 33 if'- 


347 iS. 


347 831. 


9 ~o 55 5- 


-528. 


883 


7 166.6 




! Sept. g 


19 56 38. 




-" 5 15-3 


347 17 20. 


6-1 76. 


+ 721. 


894- 


180.7 


uy, a-l\^un,L . . 


1 i;ig, 


7 42 53- 


7 33 33. 


66 20 35.5 


65 38 .9- 


-5 36 44- 


-806. 


910. 


3 3[.9 




Apr. 22 


9 43 '9- 




-5 5 !■ 


65 ;i 45. 


-5 29 15. 


-449. 


qao- 


2 34.0 


ii)b (iTa.uri,E, , , 


'7t9, 


3 32 35. 


8 23 15. 


.66 i(, 25, g 


66 3 31. 


-5 38 47. 


-f-7"5- 


903. 






Apr,22 


10 33 39. 




~5 4 57. t 


65 SI 45- 


-5 29 15. 


-572. o| 905. 




ri>7 y Libra, L , , 


i7ig. 


7 43 32. 


7 34 M.8 


231 6 S.t 


230 57 14. 


4.4 20 39-8 


-94S- 


970. 


148.0 




Aug. 21 


'7 41 3C-1 




+ 5 15 17-0 


231 13 2. 


+4 24 59.7 


-259-9 


980, 


83.2 


ig8 u Tauri, I. . . 


'7ig, 


S 46 49. 


8 37 25.8 


65 12 52. ( 


65 40 52. 


-5 38 I9-" 


-714-3 


897. 


216.7 


1 


Oct. 30 


23 20 57.6 




-4 56 10.8 


65 52 46. 


-5 29 12. g 


-546. 


896. 


209.2 


igc) a Tauri, E. . . 


'719, 


9 43 24.1 


931 3.6 


65 41 37.0 


66 6 42. 


-5 35 2.S 


4-835.6 


900.0I . . ! 


1 


OCL 30 


J7 42-1 




-4 SS 42.9 


65 52 46. 


-5 39 12.9 


-349-9 


go.. 




200; Ai Taiiii.L . . 


1725, 


12 25 33.2 


,...,;„ 


60 S 2.9 


59 20 55. 




-951.0 


969. 


331-5 






Feb. 19 


10 2+ 53-7 


. 


+ 1 4+ S.5 


39 36 46- 


+ 1 13 59.4 


-247. S 


,8.. 


83.1 








DELISLE AT ST. PETERSBURG. 


.0, 


9 Taiiri, i. . . 


17^7. 


85-1 1.6 


6 SJ 4S.3 


53 56 31-8 


53 22 13.0 +3 40 29.4 


-940. c 


,3.c 


339 -o 






Feb. 27 


7 2! 12.. 


■ ■ ■ 


4-4 12 43-8 


53 37 53-0 +3 41 39-7 


- 70.3 


940. 


74-6 


202 


PI. Eluc. n />,1. 


1729. 


le 35 57 9 


.43444.4 


S6 I 25.8 


53 24 28.3; +4 13 28.1 


-666.1 


883. f 


252.0 






Dec. 3 


9 27 24-9 




+ 4 48 14-2 


55 38 54-4 


+4 944.1 


4-224. c 


393.4 


163,6 


203 


Pl.Ce!., i6,f, L 


1729. 


16 4i 39.6 


14 40 26.1 


56 4 15-3 


55 27 15-0 


+ 4 13 7-6 


-782.3 


338.6 








Dec. 3 






+4 48 9-1 
56 21 45-5 








889. t 


'63.7 
252.0 


20 + 


PI. Maia, 20(, L 


1729. 


17 16 56.6 


IS 15 43-1 


55 44 48,7 +4 10 56.0 


-611. 2 






Dec. 3 


io S 30.3 




H-4 47 38.9 


55 54 59-9^ +4 21 44.6 


-648.6 


8go,c 


163.9 


205 


PI. M..-r,.!3'^,I. 


1729. 


17 31 47. J 


15 30 33-9 


56 29 6.9 


55 52 22.6 


+4 9 58.5 


-225.2 


887.2 








Dec. 3 


10 23 23. f' 




H-4 47 26.0 


55 56 7-8 


+ 3 55 41.2 


4-857.3 


886.2 




306 


PLAIcy.,j;, L . 


1729. 


17 48 r3.& 


15 47 0.3 


56 37 16.5 


56 52.7 


+4 853.6 


-770.1 


336. t 


252.0 






Dec. 3 


CO 39 52.7 




+ 4 47 't-7l 


56 13 42. S 


+ 4 I 23.6 


+45O-0 


890.3 


[64.2 


207 


PI.PIeio.,2S/(, L 


1729. 


832 17.-I 


l''3i 3.9 


36 59 8.0 


56 24 16.1 


+4 5 54. 9| 


-759.8 


885-fi 








Dec. 3 


' 2+ 3.5 




+4 46 32.7: 


S6 36 55-9 


+ 3 58 11.5 


+ 463.4 


338. 4 




203 


PI Alias, 277; I. 


•729. 


8 37 35.'' 


6 3f' 22.1 


3, .4,.3| 


56 27 B.5 


+4 533.' 


-503. c 


885.5 


252.0 






Dec, 3 


[ 29 22,6 




+4 46 23.0 


56 35 31-5 


+ 3 53 22.7 


4-730.^ 


386.2 


164.6 


209 


vGeminorum, L 


'733. 


7 33 8.8 


s 31 55.3 


92 sa 9.1,' 


92 4S 41.7 


-3 8 12.4 


-962.. 


959-2 


2.5 






Mar. 22 

J 


7 33 55-6 




-2 30 39.3 


93 4 46.8 


-3 5 22.4 


-IJO.O 


975-7 


90.6 


38 -75 Ap. 
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DELISLE AT ST. PETERSBURG— Ciiminued, 
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Tahtlar Exhibit of Reduction of the Occultations — Continued. 
DELISLE AT ST. PETERSBURG— Continued. 
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RESEARCHES ON THE MOTION OK THE MOON. 
Tabular Exhibit of Reduction of the Occultations — Continued. 

DRUSLE AT ST. PETERSBURG— Continued. 
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Tabular Exhibit oj Rsduction of the Occultations — Continiiefl. 
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RESEARCHES ON THE MOTION OF THE MOON. 
Tabular Exhibit of Reduction of the Occultations — Concluded. 

FLAMSTEED AT GREENWICH— Coniimied. 
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§13- 
EQUATIOSa OF CONDITION GIVEN BY THE PKIiCEDlNG OCCULTATIONS OF STARS. 

We may consider it useless to attempt to determine from these older observations 
any elements of the moon's orbit which remain constant, and which, therefore, can be 
determined for any time from recent observations alone. Such are the moon's eccen- 
tricity, inclination, semi-diameter, and parallax. But it may be advisable to introduce 
the con-ections of these last two elements into the equations, in order that when defin- 
itive modem values are obtained, the equations may be corrected accordingly. It is 
otherwise with the longitudes of the node and of the perigee, because the variations 
of these quantities have to be determined from observations, and tlie epoch of the 
observations now under consideration is so much more remote than that of the obser- 
vations used by Hansen, that we may expect them to give good results for the values 
of the variations in question. The most important element to be determined is the 
correction to the moon's mean longitude, and it is to this that our attention will be 
principally devoted. 

The only elements which we shall attempt to determine at tlie present time are 
the corrections to the moon's mean longitude and longitude of the node, these being 
the only ones the admissible alterations in which can materially alter the conclusions 
to be drawn from the accounts of ancient eclipses. The correction to Haksen's motion 
of the perigee is probably very small, and any value of it which could be deduced at 
present would be only provisional. We shall therefore present the equations of con- 
dition in such a form that they can be hereafter definitively resolved with improved 
data, when the latter are available. 

Errors to ivMch the equations are liable. — These may bo divided into two classes; 
{a) those of pure observation, and (/?) those of the elements of reduction. 

(a) The en'ors of pure observation resolve themselves almost entirely into errors 
in the determination of the time, provided that the instantaneous immersion or emer- 
sion of the star is actually observed. In the case of immei'sions at the dark limb, this 
can not be a subject of doubt; but in the case of the other three classes of phenomena, 
more or less doubt or suspicion may exist, according to circumstances. In the case of 
the brighter stars, such as Aldebaran and Spica, and, indeed, from the year 1680 
onward, in the case of all stars brighter than the fourth magnitude, no distinction of 
bright or dark limb need be made, because such stars can be readily seen at the bright 
limb with telescopes of moderate optical power. Observations of smaller stars at the 
bright limb are to be looked on with suspicion, and rejected eiitirely if there is no 
special reason to believe them accurate. All emersions are to be received with sus- 
picion, owing to the doubt whether the observer saw the star at the moment of its 
reappearance. They should be retained only when there is reason to believe that the 
observer did not record as good an observation which failed in this way. 

Besides these errors of observation, there may be a personal error of a fraction 
of a second in estimating the time, which will necessarily elude discussion, and which, 
therefore, need not be farther considered; 

(/?) The erroi-s in the elements may be divided into three classes: (1) those of 
the lunar theory; (2) those arising from deviations of the moon from a spherical form; 
(3) those of the adopted position of the occulted star. 
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224 RESEARCHES ON THE MOTION OF THE MOON. 

(i) In Part III of Papers published bj the Transit of Venus Commission, periodic 
corrections to Hansen's Theory are deduced, of which the mean value will somewhat 
exceed one second. Mr. Neison has found a term produced by the action of Jupiter, 
which has a yet larger coefficient. Other terais, still unknown, may hereafter be 
discovered. Altogether, I think the probable error of Hansen's Theory, leaving out 
terms of long period, may be estimated at 2". 

(2) I am not aware of any investigation having for its object to determine the 
deviations of the moon from a spherical figure as affecting the time of an occultation. 
The probable magnitude of this deviation is, I think, less than i". 

(3) The probable errors in the computed positions of the occulted stars may be 
roughly estimated at 2" in the case of stars well observed by Bradley, and at a value 
still greater in the case of stars not so observed. 

Leaving out errors of observation, I conceive that the minimum probable error 
of the computed value of the distance between the star and the centre of the moon 
{B) can hardly be less than 3" in the most favorable cases, and may be greater to 
any extent in unfavorable ones. Wlien in the course of time the lunar theory is 
perfected, and the proper motions of the stars are better determined, this probable 
error may be considerably diminished. 

"Whenever there was any means of estimating the probable error of the time, that 
estimate is given in the following list of equations in the column ± £. Its effect is to 
be included in estimating the probable error. To enable this to be done, the change 
of D in one second of time is included in the equations of condition. The signifi- 
cations of the indetei-minate quantities in the equations are as follows; — 

6e, the correction to Hansen's mean longitude of the moon at the date. 

6t, the coiTection to the observed time, should any be necessary. 

Sts, the correction to the longitude of perigee. 

69, the correction to the longitude of node. 

Si^, the coiTection to the moon's latitude. 

SII, the coiTection to the moon's parallax. 

The mode of computing the coefficients of tlieso quantities has already been 
described in § 6, pages 55 to 68. 

The absolute terms of the equations are the values of J) — 8', formed from the 
proper column in the exhibit of reductions already given. 

In column zb £ is given the supposed probable en-or of the observed times, or the 
probable order of magnitude of St. In the observations of Cassini, Series II, It may 
be assumed that the probable error is always about 2* or 3*. 

The phase (immei-sion or emersion) and the limb (bright or dark) are indicated 
only in the unfavorable cases, blank signifying an immersion or a phenomenon at the 
dark limb, while E indicates an emersion, and B the bright limb. 

After the time of Hevelius, the probable errors of the equations arise almost 
entirely from tlie uncertainties in the positions of the stars and the periodic inequali- 
ties of the moon, and are but slightly increased by the probable eiTors of the observed 
times. In the case of these observations, the last column shows the relative wei'^'-hts 
which have been assigned in the provisional solutions of the equations. 
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PHOVISIONAL SOLUTION OP THE PRECEDING EQUATIONS. 

Observations of Bullialdus and GtASSendus. 

The only quantity which can be obtjiinod from these observations is a rough mean 
con-ection to the moon's mean longitude. AH the observations used were immersions 
at the dark limb, except in the case of the comparatively bright star fi Geniinorura, of 
which the immersion was observed when the moon was full. The principal error to 
be feared is therefore in the determination of the time, which was derived by observing 
an altitude at the moment of the phenomenon. The probable error of each equation 

will be nearly proportional to —jr, and this, again, is nearly proportional to the coefficient 

of Se. Hence, if we derive separate values of Se from each equation, the results will 
be entitled to nearly equal weight, supposing the times determined with equal precision. 
In combining the observations, liowever, I have, for an obvious reason, given only half 
weight when the object whose altitude was observed was less than two hours from the 
meridian, and also to the confused observation of y Capricorni, on 1635, August 26. 
I have also, given only weight ^ to each of the three observations by Bullialdus 
which were not hopelessly erroneous. Observations at the bright limb are passed over 
without remark. The last observation is rejected entirely on account of discordance, 
and doubt respecting place of observation. 
The separate results thus obtained are : — 
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The mean result is : — 

Epoch, 1635,7: (5£ = + 57"-i-9"; (5£'= + 3.8". 
The quantity Se' here represents the mean correction when Hansen's empirical 
term is removed. 

Ohservations of Hevelius. 

The treatment of the immersions observed by Hevelius does not oifor any serious 
difficulty; but the frequency of cases in which it is clear from the result that the emer- 
sion was observed too late renders the use of the emersions doubtful. We shall divide 
the observations into groups, so as to obtain corrections for various mean epochs. 
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Grov/p, 1644-1645. — The two occaltations of a Taiiri give very satisftictorily: — 

Epoch, 1645.2: (5£ = -f- 33".6; Se' =+ 12" ^%". 

Growp, 1658-64. — The emersion of ^ Scorpii, 1660, April 26, ITevelius consid- 
ered well observed, and the result seems good. Tlie other two emersions I reject. 
The result thus obtained Is:— 

Epoeh, r652.0: ^^■=4-38"±4"; c^e'— +18". 

Group, 1671-75. — The immersions are all used, although the occultations of the 
Pleiades on 1674, August 23, were observed at the bright limb. I judge from the obser- 
vations and other considerations that Hevelius could follow the stars of the Pleiades 
close up to the limb of the moon. The emersions are all rejected. The results are: — 

Epoch, 1673.9: (5£ — -[-39".2 ± 3".4; 5e' — 4-22". 

Group, 1676-83. — Here, although Hevelius's clock-error seemed better deter- 
mined than before, the observations exhibit anomalies which cannot be attributed to 
the apparent accidental errors of observation, and which, therefore, leave one in doubt 
how the results should be treated. As the results cannot be worth a refined discussion, 
I shall simply state how I have used the equations. The emersions of Mars and of a 
Tauri have been retained, while, as before, all other emei^ions are rejected. The re- 
sults from X Orionis, 1678, March 28, (No. 62), and from the three stai-s occulted 1683, 
April 2, (Nos. 75-77), have been rejected on account of discordance of results. In 
the first case, the identity of the star is still in doubt, while in the second there was an 
interval of nearly two hours between the first occultation and the determination of 
clock-error, during which interval the eiTor had to be supposed constant. The results 
of the occultations seem to indicate a large clock-rate. There remain nine equations, 
of which the sum has been taken as a normal for determining Se. This equation is : — 

8.44 (Sf — 264" ± 40"; 
and the result is : — 

Epoch, r68o.o: ^s — + 31" ±5"; Se' =.-\- 16". 

The close agreement of the four mean results derived from the observations of 
Hevelius is purely accidental ; the discordance of the individual equations in general 
indicates that the probable errors we have assigned may be safely increased by one 
third. 

Observations of the French astronomers and of Fi.amsteed. 

A preliminary examination of these observations indicated that there was no sys- 
tematic difference between the results of the occultations observed by Flamsteed and 
those observed by the French astronomers. They have therefore been combined, and 
solved so as to obtain corrections to the moon's mean longitude and to the longitude 
of the node. In effecting these solutions, we meet with the difficulty that the correc- 
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tion to the tabular mean longitude cannot be regarded as increasing uniformly for any 
considerable length of time. On the other hand, when we divide the observations into 
groups, the duration of each group is too small to permit an accurate determination of 
the correction of mean motion from that group alone. The following course appeared 
best adapted for the present preliminary solution. Rough solutions were first made 
so as to give the value of Se alone for the mean epochs of the great groups into which 
the observations were divided. Thus was found : — 

For 1680, de = -f 3o"4, Flamsteed's observations. 
, For 1682, (Se— +28".5, Paris observations. 
For 171Q, <Je — + i5".4, Paris observations. 
For 1715, <Se — + i3".8, Delislb's observations. 
For r 728.5, Se — -|-. 7^.3, Paris and Delisle's observations. 

From these values of the correction of mean longitude, it was concluded that 
the corrections to the tabular mean motion might be assumed to liave the following 
values: — 

From 1672 to 1690, Sn = —o".;^^. 
Fi'om 169910 1720, <5ra — — o".55. 

With these assumed annual changes, each residual of an equation was reduced to 
a mean epoch of its group, all the observations to i 720 being divided into two groups. 
The adopted mean epoch for the first period, 1672 to 1690, was i68q.o; that for the 
second, 1699-1720, was 1712.5. In other words, the absohite term of each equation 
was coiTected by the quantity o".35 k (1680.0 — ^ for the first group, and by the 
quantity o."55 /s (i 7 1 2.5 — for the second, k being the coefficient of de in the equation. 

In the solution, the unknown quantities retained were ds, iS9, and Sb^, the last 
being an assumed constant coiTection to the moon's latitude. This was kept in the 
equations, because a constant error in the declinations, and therefore in the latitudes of 
the stars, is to be expected, and will show itself in the equations as a constant apparent 
correction to the moon's latitude. 

The weights assigned to the several equations are shown in the last column. The 
probable error depends mainly upon the errors of theory and of the place of the star, 
so that no distinction with respect to weight was necessary in the case of fair observa- 
tions. As a general rule, emersions were rejected unless there was positive reason to 
believe that the reappearance of the star had actually been caught at the right moment. 
The solutions with the assigned weights lead to the following results: — 

First group, Cassini, Flamsteed, La Hike, 1672-1690. 

Normal Equations. 
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Solution. 

de rr + 29".4i, epocli 1680.0. 

id8 = + o".26. 

Sh, = + 2".86, weiglit = 3.8. 

Second group, Ca^sixi, L,v Iliiii';, Deltsle, 1699-1720. 

Normal Equations. 

31.65 6e ~ 2.2,21 i6Q-\- 0.753 (5/^0 — 466". 84 =zo 

-2.321 +5.970 + 4.876 + 25^.84 = 

0753 +4-87'5 ^^l-^i — 29".3i=o. 

Solution. 

&£ ^^-\- 14". 78, epoch 1712.5. 

iS6~+ o".75- 

dhi, = + o".82, weight— 13.4. 

The corrections iS9 have a verj small weight in both equations. Occultations 
do not afford good data for determining the coiTection to the moon's node, because, to 
be favorable, an observation must be not too far from the node, and must not be nearly 
central. A glance at the equations will show that the coefficient of 156 amounts to 
0.5 in less than half the equations. Moreover, owing to an accidental lack of sym- 
metry in the occultations in each group, the value of iSd depends very largely on that 
of (5Jo, the approximate expressions being: — 

From the first gi'oup, i60 = i"-47 — 0.85 (% 
From the second group, iS9 =r — 2". 19 -|- 0.85 6h^. 

The actual value of Sh^ and iSQ should be considered nearly the same for both 
groups, being probably about one-fifth larger for the first group than for the second, 
since we may suppose them to vaiiisli about 1850. The most probable values of Sh^, 
on this hyjjothesis, ai-e :— 

For the first grou^J, Sh^ zz -\- \" -S- 
For the second, Sh„ zz + i" .2. 

Whence we shall obtain — 

From the first group, iSO = -\- o".2. 
From the second group, i'5(9 = — i".2. 

To obtain a really definitive result, we must combine botli groiips, suppowin"' the 
values of 6e iiidepeudcuf, and pxitting — 

iS0^ — o.ZoiS6-^, 

d\ —0.^0 Shy, 

the subscript nnmei-als distinguishing the values which pertain to the two groups. 
The coefficient 0.80 presupposes that the position of the node and the tabular latitudes 
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of tite stars su'c correct at the epoch 1842, which is about as good a hypothesis as we 
can make;' The combination of the two -gi-onps has been made on the supposition 
that all the equations of the second group are fii-st multipHed by f.25, and that id&^mid. 
<5fei are then replaced by 0.80 *(S 9, and 0.80 <56|. This course is taken because the 
residuals show that the unit of weight corresponds to a smaller probable ei-ror in the 
second group than in the tirst. The combined normals are : — 

39.56 Ss^~\- 0.00 de^^ 2.32 ^(i6'i + 0.75 Shj - 
0.00 +18.43 +2.61 — r.52 

— 2.32 + 2.61 +9-53 ~ 0-04 

. ■ 0-75 — 1-52 —0.04 +21.16 

The solution of these equations gives — 

Se^ =+ 29".38 dz i"-o; epoch, 1680,0. 
^£s — + I4".78 ±o".6; epoch, 1712.5. 
idd^~— o".i4ii".2; weights 9. 
^bi =+ i".76±o".8; weight=2i. 

The probable error of each equation of weight unity is about ^".6; and as all the 
equations of the second series were multiplied by the factor 1.25, the probable error 
of each observed distance of centre of moon from star would be about 3".o, which is 
the error already estimated from erroi-s of star-places and of the tabular perturbations 
and from the irregnlarities of the moon's limb. It is, therefore, from those sources, 
rather than from errors of the observed times, that the errors of the equations arise, so 
that, when, in the course of time, the tabular perturbations and tlie places of the stars 
are more accurately determined, more accurate results may be obtained from these 
occultations. 

Observations of Oassini at Paris and Delisue at St. Petersburg, bettveen 1 720 and 1 750. 

I have not attempted any serious discussion of these observations, having merely 
sought to obtain from them an approximate correction to the mean longitude for some 
epoch near 1725. From the good observations between 1725 and 1730 inclusive, we 
find:— 

Epoch, 1728.5: c5£ — +7".3 (8 obsej-vations), 
a result 1 look upon with a suspicion of its being a httle too large, owing to 
several of the observations on which it depends Imving been made at the moon's 
bright limb. 
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§ 14- 



■ ODSBKVATIONS OF ECLIPSES FKOM 1620 TO 1724. 
The tabular places of the sun which are used in the reduction of these eclipses 
were accidentally omitted in § 11, where the corresponding- places of the moon are 
given. They are, therefore, g'iven in the following table. They were generally com- 
puted for different mean times by different computers, in order that the comparison of 
the results niight serve as a check on the accuracy of the work. The original results 
are all presented. 

Longitudes of the Sun, from Hansen'^ Tables. 
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The observations in question may be divided into two classes : observations of 
contacts and of phases. The latter were generally estimated by throwing tlie sun's 
image upon a screen so adjusted that the outline of the image should coincide with a 
cii-cle drawn on the screen. The radius of this circle was divided into 12, 30, or 32 
parts by concenti-ic circles, so that the corresponding phases of the eclipse could be 
observed. The absolute magnitude of a phase thus detorniined is necessarily too 
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uncertain to be relied on, owing to tlie effect of irradiation and distortion of image; 
but, so far as longitude is concerned, this effect will act in opposite directions before 
and after the time of greatest eclipse. Therefore, by subtracting from each other the 
corresponding observations before and after the middle, we shall obtain results nearly- 
free from the en-ors in question. This is the course which has been generally adopted 
in the discussion of these observations. WTienever possible, observations at nearly 
equal distances on each side of the middle have alone been compared, the mean of two 
or more being sometimes combined with a single corresponding one on the opposite side. 
When the observations were so broken that tliere was no correspondence, the combi- 
nation was made in the way wMch seemed adapted to give the most probable result. 

The details of reduction are presented pretty fully in the following forms : — Under 
the head of each eclipse is given the apparent semi-diameter of the the moon as seen 
from the station at the beginning and at the end of the eclipse, computed with the 
same data and in the same way as in the case of occultatlons. The sun's apparent 
semi-diameter is computed by supposing its value at distance unity to be 960". In 
some cases, however, it may not exactly correspond to this constant, some value a 
little different being used. Any small error in the semi-diameter being in great part 
eliminated from the result, no great pains were taken with it. 

The local mean times of the observed phases are, for the most part, derived from 
data already given by applying the clock-corrections derived from altitudes or other 
sources. In the observations of GtASSENDUS, the times are derived immediately from 
the observed altitudes. 

This time being reduced to Greenwich mean time, the apparent position of the 
moon as seen from the station is computed in the same way as for the occultations, 
except that, instead of using the parallax of the moon, only the difference of parallaxes 
of the sun and moon are employed. From this reduced position of the moon, and 
from the geocentric position of the sun, are derived the tabular distance of the centres, 
which is given in the column following the mean times. To this tabular distance is 
added its differential coefficient with respect to the moon's mean longitude. 

This is followed by the observed distance of centres as derived from the contacts 
or measures of phase made by the observers, the formulae being:— 

7) = s -|- s' — m, 
m being the magnitude of the eclipse, which ivas usually expressed in terms of the 
sun's semi-diameter, and s and s' the apparent semi-diameters of the sun and moon 
respectively. If A expressed the number of digits eclipsed, we should have: — 

w_ ^ . 

In the case of contacts, iii would I'epresent the magnitude of the least noticeable 
eclipse at beginning, or the magnitude immediately loss than tlie least visible at 
ending. These two values of m are represented by a, and a^, and in combining 
observations of contacts we have always supposed — 

«j =: 2 «a. 
At the same time, double weight is always given to an observation of ending, as com- 
pared witli that of beginning, because the observer is less likely to fail in noting the 
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time when the echpse disappears than wlien it appears. By tills combination, the inean 
i-Gsnlt from the beginning- and end of an ecHpse is independent of the vabie which 
niaj be assigned to a^, and therefore does not require any investigation of tlie value 
of that quantity. We may simply regard a^ and a^ as zero, and give double weight 
to the observa,tion of the end of the eclipse as compared with that of beginning. 

In combining observations of contacts and phases to obtain a mean result, it has 
generally been supposed that one pair of contacts is worth three or four pairs of obser- 
vations of phase, the proportion varying with the apparent accuracy of the observa- 
tions of phase. In a few cases, weights are assigned to the observations of phases; but, 
in general, there are' no data for such an assignment. 

To facilitate the final discussion, the difference between each observed and tubular 
distance is given for each separate observation. This difference is the absolute term 
of an equation containing (5e, and an unknown combination of quantities depend- 
ing on errors in the mode of observation, which are supposed to be a function of I>. 
This combination is eliminated from each pair of observations, at equal distances on 
each side of the middle, in the manner already described, leaving an equation in e 
alone. It has not been considered necessary to write down the individual equations 
thus formed. The most probable results, generally obtained by combining the equa- 
tions in a summary manner, approximately, though not sti-ictly by the method of least 
squares, are given in connection with each set of observations. 

Eclipse of 1621, May 20, observed hij Gassendus at Aix. 

Moon's apparent semi-diameter at beginning 935".4 

Moon's apparent semi-diameter at end 942". 7 

Sun's apparent semi-diameter g49".o 

Local M. T., 19'' I™ $f. Tabular distance of centres '. igSo".? — i.oo Ss 

Observed distance of centimes . i885".4 — a^ 
2ji. 2f" ij^_ Tabular distance of centres . i827".4 + 0.98 5^ 

Observed distance of centres . i89i",7 — a^. 

Result from first contact St ■^^-{-g'^" -\- a-^ 

Result from last contact <S£ ^ -f- 69" — a.^ 

Mean by weights >$£ = + 78". 

The values of a come out negative, a result which can be attributed uidy to 
errors in the determinations of time. 

Eclipse of 3630, June 10, observed by Gassekuus at Paris. 

Moon's aj^parent semi-diameter at beginning 946". 2 

Sun's apparent semi-diameter at beginning 946".o 

At 6'' 15™ I^ Tabular distance of centres i9i2".8 

Observed distance of centres 1892". 2 — 0:1 

Result of the observation of first contact . . . ds zz~\- 20" + a. 
The value of ^i may be G<mjecturally estimated at 15", giving as the result 
(^£ = -f 35". 
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Eclipse of 1633, April 8, observed by Gassendus at Digne. (Sc;c p. 81.) 

Moon's appareni serai-diameter al beginning . 937 '.5 
Moon's apparent semt -diameter at end . 932"-Q 

Sun's semi-diameter 957 ''S 
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Wliere two obsei-ved distances are given, the second is from the degrees of tlie 
circumference echpsed, A typographical en-or in the i^rinted record of the first obser- 
vation renders the time doubtful. The correspondence of the second observation to 
the time given is entirely conjectural. The nine or ten following ones are of very 
little weight for determining the moon's longitude; but the minuteness of the correc- 
tion which they indicate to tlie tabular distance of centres, at the time of greatest 
eclipse, seems to show that Gassbndos's determinations of the magnitude of the 
eclipse were nearly free from constant error. I have therefore used all the subse- 
quent measures with the weights as given, and the resulting correction to the moon's 
mean longitude is 
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Eclipse of 1639, yime i, observed by Gascoigne at Middktomh 

('' = 53° 45' ; ^ = 6'" 8" W. 

(Sec Flamsteed, Historic Coikslis, vol. i. p, 2,) 
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The contacts alone liero give, 

^f^ + ss", wt. = 8. 

Phase 2, compared with the mean of lo, i r, and 12, gives the equation 1.92 Se~ 
-32", whence 

(5ei^+ 17", wt, = 4. 

Pliase 3, compared with the moan of 7 and 8, gives 1.81 '5e= 106", whence 

(S£ = +59", wt. = 3. 
Giving these results the respective weights assigned, we have, as the mean result, 

^f— + 34"± 10". 



Hosted by 



Google 



Researches on the motion of the moon. 

' of i^39> 'ifitnc J, observed by HoSROx, at or near Toxietli Park, 
iji =^ 53° 20' ; :1 ;= 1 1'^ 48°.4 W. from Greenwich. 
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■*DeriveJ from " Circumferemia Eclip^ata" 33°. 
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page 388. I could not learn the exact position of Hor- 
Rox ; (he longitude given above and employed is taken 
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from a map, but the latitude is that given by HoRROX, 
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827 - 


Si 


813 


- 14 




The separate results for reducing the clock to mean 


32 3 


689 - 


75 


655 


- 34 




time as derived from altitudes ate; — 


35 48 


603 - 


70 


591 


- 12 


2 


Clock Time. Correction. 


43 33 


455 - 


46 


454 


- I 


2 


/; ;« s m s 


48 3 


397 - 


21 


401 


-S- 4 


^ 


2 33 - 2 37 


50 18 


381 - 


05 


3S5 


+ 4 




3 r8 45 — 2 37 


57 18 


397 + 


44 


417 


+ 20 




4 13 15 - 50 


g f< 18 


53y + 


79 


559 


+ 20 




5 17 45 - I 53 


g 33 


610 + 


84 


622 


+ 12 




5 59 30 - 1 3 


u 3 


714 + 


89 


732 


-h 18 


2 


6 5 45 - 2 f. 


21 33 


910 + 


95 


937 


+ 27 


^ 


6 8 45 — 2 4& 


24 3 


976 + 


96 


1000 


-1- 24 




fi to 3" - 2 A<> 


35 '8 


1292 + 


98 


1336 


'\- 44 




6 12 45 - 2 20 


38 33 


1385 + 


98 


1441 


-i- 56 




(, 17 15 - 1 55 


41 33 


1472 + 


99 


1 5"+ 


-\- 32 




Mean ~ 2 12±8" 


43 48 


'537 + 


99 


1578 


+ 41 


2 




46 3 


1603 ^ 


99 


1630 


+ 27 






4B iS 


1670 + 


99 


1^93 


+ 23 






4g 3 


1692 4- 


99 


1725 


+ 33 






54 33 


1S46 + 


99.IE 


1883 - Is 


+ 37 







The contacts alone give ^e := + 34" ; 

The observations of phase ^£ = + 27" (12 paii-s); 

The phase from angle eclipsed <^e = + 8". 

The most probable mean from all the observations, 

5s — -\- 27". 
Juflging from the discordance of the measures, tlie probable error of tliis result 
would not exceed 3"; but the possibility of systematic error must be talten iiito account. 
AVe can hardly suppose a set of observations made at this epoch to have a probable 
error less than 5"; and when wo add the uncertainties respecting clock-eiTor and geo- 
graphical position, the probable error may be increased to 8" or 9". 
31 75 Ap. 2 
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The constant error in the observations of phase would seem to be very small. I 
have, therefore, used the first four certain observations of phase by themselves, and 
in the case of the remainder have combined observations after the middle with corre- 
sponding ones before. The result is 

(56 = +o'.38 = +23". 
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Eclipse of 1639, ytme i, observed by Hevet.ius. 

Moon's semi-diameler at beginning . 936". 5 
Moon's semi-diameter at end . . . 932".4 



Local Mea 
Time, 


Tabular Disl. of 
Ccnlrcs. 


Observed 
Distance. 


Obs. Dist 
corr. for 
Irrad. 


Corr, to 
Tabular 
Dist, 


Local Mean 
Time. 


Tabular Dist. or 
Ceiilrcs, 


Observed 
Distance 


Ob 
I 


s, Dist. Corr. to 
orr. for' Tabular 
rrad. Disc. 


h n 
5 17 

5 33 
5 38 
5 42 

5 45 
5 48 
5 50 
5 53 
5 SS 
S 57 

5 sg 

6 I 

6 6 
6' S 
6 10 
6 It 
6 13 
6 17 

6 19 
6 21 
6 32 


6 

7 
7 

6 
6 

7 

<) 

3 


3I..5-I.oorf£ 
26. □ -1. 00 

23.5 -1. 00 

17.2 -o.gg 
15.9 -0.99 

14.6 -o.gg 
13.4 -0.99 
13.4 -o.g3 

9.1 -o.gS 
7.9 -0.97 
6.g -o.g7 
5,9 -0,96 
4.5 -".9i 
3.9 -0.92 
3,1 

1.5 +0.97 
2.3 +0.99 


31 
26 
24 
24 

'9 

15 

!3 

7 
3 

6 


39-ni 
3 

9 

6 

S 
3 

9 


3'. 4-"! 

23.4 

1S.9 
17.9 

12.3 
11.6 
11-3 

5-0 
2.3 
o.g 
i.3 
3.1 
3.6 


+0 

+ 
+ 2 
+ 2 

+ 2 

H-3 

+ 1 
+ 1 

+ 2 
+ 2 
+ 3 

+ 3 
+ 2 
+ 1 
+ 1 

+ 1 
+ 1 


6 

t> 

7 
7 

3 

8 
9 

3 
3 


h 7 
6 23 
6 25 
6 26 
6 28 
6 30 
6 32 
(■ 34 
6 36 
6 38 
6 40 
41 
6 44 
6 45 

a 49 

f) 50 

6 52 
6 54 
6 55 

6 57 

7 
7 3 
7 5 
7 f> 
7 12 


9 
5 
9 
6 

6 

9 

9 
3 

7 
7 

9 

9 

3 


2.g +0.g9df 
3,6 +o.g9 
4.3 +o.gg 

5.1 +0.99 

7.2 +1.00 

8.0 +1.00 
g.o +1.00 

13.0 +1 00 

14.3 +I.O0 

16. 1 +1.00 
16.9 +1.00 
jS.o +1.00 
18.7 +1.00 
lg.7 +1.00 
20.3 +1.00 

22.5 +I.OU 

23-9 +'-<x' 
24.9 +'-00 

28.6 +1.00 


6 

7 
8 

13 

15 
17 

18 

iq 
19 

24 

25 
26 
31 


7 
7 

7 

6 

7 
4 

S 

3 


4 
5 

8 
9 

T5 

16 
19 

23 
24 
25 
31 


3 

3 

3 
3 

9 
9 

5 

7 

3 

5 
3 


+ 1.4 
+ i-i 

+ 0.3 
H-0.5 

+ 1.3 
+ 1.3 

+ 1-3 
+ 2.1 

+ 2.S 
+ 2.6 

+ r.7 
+ 1-7 

+ 1.8 

+ 1-7 
+ 0.9 
-0.5 

- ".5 

(+ 2.7) 



Hevelius gives a number of drawings of phases of this eclipse, showing- that his 
instrument was altogether out of focus, the cusps of the sun being so rounded near 
the time of greatest phase that tlie arc of sunlight was of nearly equal breadth through- 
out. For this reason, and also because the times depend entirely on some kind of a 
sun-dial which may not have been in the meridian, this eclipse was in the first place 
rejected entirely. (See p. 88 for original note upon it.) But I afterward concluded 
to reduce it, if only to see what kind of a result woixld be obtained from the worst set 
of observations found in his work. 

The irradiation seems, from the excess of about 3' near the observations of great- 
est phase, to have been about- one-tenth the sun's semi-diameter. In the column of 
corrected distances from observations, the observed eclipse is increased by its tentli 
part to allow for this. Owing to the nncertrainty of the law of error, I have only 
combined observations of nearly equal phase on each side of the middle in the same 
way as with the eclipses of Gassendus. The contacts are rejected entirely, as there 
is clearly a mistake of several minutes in the observation of the end. The mean of 
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the first seventeen observations of phase gives an excess of obsei'ved distance before 
the middle of tlie eclipse of 2'.o3. The mean of the last twenty gives an excess of 
i'.i4. 1'lils would indicate a tabular correction of 

-27", 

a result to which scarcely any weight can be given, owing to the uncertainty whether 
the adjustment of the instrument really remained the same duiing the eclipse, and 
whether the dial was really free from error. 



Eclipse of 1645, August 2 



I, obseroal by Hevj 

beginning . 959". 4 



Local Mean 
Time. 


Tabular Disi. of 
Centres. 


Observed 
Distance. 


Coir, to 

Tabular 

Dist. 
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Time. 


Tabular Dist. of 


Observed 
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Corr. to 

Tabulai- 
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h m s 






_^_ 
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„ 




33 30 37 
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34 22 


720 - 0,22dC 


762 (?) 
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95 
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93 
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93 
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733 - 0.27 


742 


+ 9 
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Q9 
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A system of twelve equations of condition is formed by subtracting the first 
twelve residuals from the last twelve, contact results excepted. The solution of these 
equations, slightly greater weight being given to those near the beginning and end of 
the eclipse, gives 

(^£==+54". 

From the contacts we have : — 



Beginning 
End 



'^f = + 3i" + « 



from which, supposing a^ :=. 2 
I'esidt from this eclipse, 



- -f 42". I take, as tiie most probable 



= + 51 
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Eclipse of 1652, Ajyril 7, observed hy GrASSKNDUs at Biijne. 

The end of this eclipse occurred within a few minutes of noon, and it is not Hkely 
tliat any reliance can be placed upon the times deduced from altitudes during the last 
hour of the eclipse. I have, therefore, conchidcd to make no use of the observations 
of Gasskndus. 



Eclipse 
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Moon's apparent 
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Here, it is evident, the observed distances ai'e systematically too great for the 
mean phases, and it is impossible to satisfactorily eliminate this en'or in the way we 
have generally adopted in the case of these eclipses, because there is a gap near the 
beginning of the eclipse, corresponding to the best observations near the end, while 
the gap between o'' $$"' and i'' 14"" corresponds to the best series near the beginning. 
The systematic error in question seems to be zero, or even negative, near the middle 
of the eclipse. Under these circumstances, our best course seems to be to correct the 
observed distances by an empirical formula, and to give most weight to the observa- 
tions near the extreme phases. We choose the coiTection, 



■c- 



- I400Y 

555 / 



by applying which we form the second column of observed distances and of correction 
to the tabulai- distances. Where this second column is not formed, we have corre- 
sponding observations before and after the middle of the eclipse. 

Commencing now with the consideration of the contacts, the considerable mag- 
nitude of the echpse at the observed moment of contact renders it suspicious; still, as 
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Hevelius says, it wiis observed "accuratissim(5", I have not felt justified in rejecting' 
it. Combinin}^ the observations of first and last contiicts in the usual manner, we find : — 

'5^ + 33", wt. = 2. 

The mean of tlio seven observations following first contact, usIup' the corrected 



The mean of the three observations preceding last contact gives 
<5e= + 53", wt.=:2. 

The result of the intermediate observations, five on each side of the middle of 
the eclipse, in which tlie distance exceeds 890", formed by taking tlie diiferenccs of 
the corresponding measures on each side, is: — 



f + 36", wt. = 3 ; 



the mean residt ot a.ll tlie measures, 



:: + 38". 



Gonsldei-ing the uncertainty of the tijnes and of the measures, the probable error 
of this result cannot be much below i o". 



Eclipse of 1654, Augusi 11, observed by Walterius al Aix, 

Moon's seini-dianieler at beginning . 570 ' 
Moon's semi-diameier al end . , . 973" 
Sim's semi-diame(er 948" 
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Tliere is no evidence of systematic error in the determination of the phases. If 
we take the sum of all the eqimtiotiK in which tiie coefficient exceeds 0.6, the contacts 
excepted, we have: — 

Snm of seven equations near beginning 5.83 d'sz^o'.^ 
Smn of thirteen oqnations near end . . 1 2.36 g'.o 

Sum of all 18.19 9'-3- 

From wJiich we find (S£ = + o'.5i. Supposing «2 = ^a:|, the contacts alone will 
yive <ie = 4- o'.53. We maj tlierefore put, as the result of this e 



Eclipse of 1661, March 29—30, observed by Hevelius. 

Moon's apparent semi-diameter at beginning' . 1006", o ' 
Moon's apparent semi-diameter at end . . . ioo6".5 
Sun's apparent semi -diameter 959". 9 
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1 



Combining the seven phases following the beginning with the corresponding onea 
preceding the end, we find 5e = + 34". The contacts alone give rfe zz -f 48". Giving 
the mean resnlt from contacts the weight of two pairs of observations of phase, we 



The other phases do not con-espond to each other, and the agreement of the 
seven pairs we have nsed is so good that it does not seem necessary to discuss them. 
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Eclipse of 1666, yiily 1, observed by IIevelius. 
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The contacts alone Iiei-e give 



(5£=; + 36". 



The four ohservations following first contact, combined with the corresponding 
four preceding last contact, give 

(5£ = -i- 24. 

The remaining ohservations in which the distnnce exceeded 900" give 

(5frr + 22''', or i^f :r= + ^^' 1 

according as we include or reject the doubtful fifth observation of phase. The most 
probable I'esult of all the observations is, 
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Eclipse of 1676, ynne 10, observed by Fi.amsteed at Greemmch. 
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and - 14".3 when the short one was used. These cor- 
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(by dir, meas.) 
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At tho timo of the last mi3asure of the distance of cxisps, the eclipse was so far 
advanced that no reliable resnlt could be obtained from the measure. Moreover, the 
discordance of the result is such as to indicate some mistake. The results from the 
other measures may fairly receive the respective weights 4, 3, and 2. The discord- 
ance of the third measure of phase is also so great as to g'ive rise to a suspicion of 
soine error in the record. The error is in fact between 30" and 40", whereas the 
probable error of Flamsteed's measures of the sun's semi-diameter does not in gen- 
eral exceed 3" or 4". 

From the tliree first measures of distance of cusps witli the weights assigned, we 
luive, 

<Je 1:3 + 25".o, 

The sum of all tlie equations given by the phases is, 

2.37 i^i = + 14"; ,■. 6s — + 6". 



Rejecting the third measure, we shall have. 



1,91 



-36; 



1-1-19 



Tho results from measures of distance of cusps near the beginning of an eclipse 
ought to be pretty accurate, while tiie discordance of the measures of phase renders 
their resvilts uncert.ain. I therefore consider the most proljable result ffom this echpse 
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There is clearly a systematic error in the measures of phase, rendering it neces- 
sary to compare phases as nearly equal as possible on each side of the middle. This 
compaiison gives the equations, 

0.87 Se^z: 9", 1.32 *Sf — 22''' 

1.08 25 1. 59 46 

r-23 5 I-7B 43 

i.8t 80. 

The solution of these equations gives 

dE — + 2S". 

The mici'oraeter measures of "pars lucidae" before the middle of the eclipse give 

-5^=3 + 38". 
The tlu'ee measiires of cusps near the end give 

Se — +!■]". 
The most probable result from all the observations is 
de — + 24" i 4". 
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Treating tlie contacts in the usual way, the reauh is, 
cSe = + 3.". 

The sum of the eleven equations from phases following- first contact in which the 
coefficient of (5e exceeds 0.5 is, 

9.65 (Sfizz 244": .■. fJe = 4" 25". 

The sum of seven phases preceding last contact, 

5.21 i5i 1=: 205"; .'. (Je =-j- 40". 

The measures of cusps near beginning, giving double weight when _D > 1600", 
give the result, 

<S6— + 37". 

Those near end give 

«E = +32". 

The most probable mean result is, 

(5£ = + 32"±2". 
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This eclipso and tlio next one were originally computed with the hope that they 
would give a valuable coiTection to the longitude of the moon's node. They are too 
small to be of any use for determining the longitude. But it seems that in the two 
eclipses a change in the node will have the same effect on the distance of centres, 
and the systematic eiTors in the observations may be such that no good result can be 
obtained. I therefore make no use of the eclipses, but present the data for the use of 
any investigator who may choose to discuss them. 



Eclipse of 1689, September 13, observed by Fi.amsteed. 
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The contficts give 

(5£=i + 20". 2. 
The 16 measures of plmse following first contact, 

15,23 (?£ ^426"; ,■. (5£ — + 27".9. 
The [6 moHSures of pliaao precedmg last contact, 

i5.87<Sf = 364"; .: de~->r 22"xj. ■ 
The mean result is, 

Se — -\-2^".'&^2". 
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Eclipse of 1706, May 11 absen'ed by La Hire at Paris. 
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As there is a gap of 23 minutes in tlie observations aftei- the beginning, we have, 
during this interval, no observations to compare with the corresponding ones near the 
end. The sum of the 14 equations after the beginning is, 

13.65 5e = 309"; .-. ^e — + 22".6 
The sum of 24 equations most nearly con-esponding to them after the middle is, 

26.45 Se — 675"; .■.5£= + 25".5. 
The remaining phases near the end which have none to correspond to tiieni near the 
beginning would give 

'5e= + 27".4. . 
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I tliink tlii.s result sliould be rejected, and that wc should take, as the result of 
the observation, 



Eclipse of i-jx^. May 2, obscfvcd by the Messrs. La Hire at Paris. 
Moon's apparent semi-diameter at beginning , 1007". 5 
Moon's apparent semi-diameter at end . . . ion", a 
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The 16 measui'es of the father, following' first confeict, give <5e=;+ 12". o 

His 1 8 measures preceding last contact ,5£ — -|_ 8".8 

The 16 observations of the son following first contact , (5f = -f- 7",: 

His 1 8 obsei'vations preceding hist contact <5t = -f- 9^.2 

Contacts observed by the father Se^-\-i^".j 

Contacts observed by the son «5e = +r4".6. 

The contacts noted by tlie two observers agree so well that there is a suspicion 
of their not being independent. The correspondence between the considerable erroi-s 
of the three phases preceding last contacts might give rise to a similar suspicion 
respecting the observations of phase, but this correspondence does not seem to extend 
through the observations. 

Giving the combined results from measures of phn,sG four times the weiglit of 
those from contacts, we sliall have 

5i- = + io".3d= i".5- 

Eclipse of 1715, May 2, observed by Cassini at Marly. 
)i=::<j8° 51'. 7 ; a.^31" 24= east from Greenwicli. 
The local mean times are taken without correction from the Memoirs iif the Academy for ryis, pp. 83, 84, applying 
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The systematic errors in the estimates of phases are so strongly marked that only 
con'esponding phases can be combined. There are in all eight pairs of such observa- 
tions, the sum of which give the equation 

1 7.66 5£ zz + 70"; .-. 6s = -\- 4". 
The observations of contact alone give 

dEz=.-\- 1 2". 
Owing to the extreme in-egularity of the observations of pliase, I think the pair 
of contacts are entitled to as much weight as the whole eight pairs of observations of 
phase. The residt of these observations will then be 
6t-=-\-S"^4'''. 
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Eclipse of the Sun, 1715, May 2-3, as observed in England. 

This eclipse was total in England, whore a great number of observations were 
made, the results of which were published in the Philosophical Transactions. Unfor- 
tunately, in the large majority of cases we have no data whatever for judging of the 
accuracy with which the time was determined, and the observers are mostly unknown 
as astronomers. The well-known observers were Flamsteed, Halley, Pound, and 
Cotes. The latter was so "oppressed by too much company" that he could not 
observe the first two phases; it may therefore be feared that the same circumstances 
prevented an exact determination of clock-error. Halley, notwithstanding his scien- 
tific merits in some directions, seems to have been extremely unskilled in every branch 
of the art of practical astronomy. Pound made many observations, but there is no 
way of ascertaining how well his time was determined. Flamsteed was the best of 
the observers, but, unfortunately, his data for clock-error are far from being as certain 
as is desirable. These uncertainties are especially to be regretted, because the ob- 
served times of beginning and end "of a total eclipse are not subject to the uncertain- 
ties which affect observations of the other phases. 

There was, however, one class of determinations made during this eclipse with 
an accuracy which hardly leaves anything to be desired, and iov which we are probably 
indebted to Hallev, namely, the limits of the path of totality. "We have here the 
most valuable single datum which astronomy possesses for determining the motion of 
the moon's node; it is, therefore, very surprising that it should have passed entirely 
unnoticed and unused. 

In discussing this eclipse, we shall begin with the Enghsh observations of the 
times of the total phases, rejecting those of the beginning and end as uncertain in 
comparison. Last of all, we shall discuss the results of the shadow-limits. 

Observations of Flamsteed. — Everything accessible respecting these observations 
is found in the Historia Coelestis, vol. ii, p. 551. I have examined the original manu- 
scripts at Greenwich, but find nothing but what is printed. Some Hght respecting the 
observations may perhaps be gathered from a letter of Flamsteed, printed by Baily in 
his Account of the Bev'^. John Flamdeed, pp. 3 1 5-3 1 6. The following are the e 
observations, giving times of transit over mural quadrant, and phases of eclipse:— 
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The discrepany of ten seconds in the clock- correction for beginning I cannot 
certainly explain; it exists in the MS., and may be a correction for phase. 

To deduce the clock-corrections from the star-transits, we must know the deviation 
of the quadrant from the meridian. In Kkuegke's doctoral dissertation, Be Ascen- 
sionibus Bectis a Flamsteedio Quadrantis Muralis ope oiservatis, Bonn, 1854, is found 
a discussion of the errors of the quadrant in 1 690, in which the following values of m 
are quoted from a dissertation by Aegelasdek: — 

1690, aetate vernal! m^-j- 26^7 

1690, aestate . . -f 28^9 

1699, auctumno . ^-35^8 

1713, mense Junio -|-69\4. 

These are the corrections to reduce tlie observed time of transit of an equatorial 
star to the true meridian. Supposing the change to go on, the correction in 1 7 1 5 
would have been about + 73". Neglecting, at first, the polar deviation from the meri- 
dian, we have the following clock-corrections from the star-transits: — 




From this it may be concluded that the clock -correction for an equatorial star 

on May 2 at 1 1^ I would have been — 7" 42^ 

Applying Abgelander's m negatively — 1'" 13^ 

Clock-error at 11''. I —8" 55^ 

Change in 10 hours, daily rate being — 13* — 5' 

Clock-correction for middle of echpso — 9'" o*. 

Another determination of the error of the quadrant has been attempted, as 
follows: — On 1713, June 16-27, the clock-time of transit of the sun over the true 
meridian, as derived from morning and afternoon altitudes, was o*" 7™ 11^, while the 
transit over the quadrant occurred at o'' 6" 30^, showing a correctioia of + 4 1 '. Again, 
on 1718, August 29-September 9, the true transit was found in the same way to be 
at o'' 3"^ 5' clock-time, while the transit over the quadrant was mai-ked at o'' i™ 54^ 
We, therefore, have, for the con-ection to the quadrant, 

1 7 1 3 , at declination + 23°: c = +0 ™ 4 1 ^ 
1 718, at declination + 5°: e=-j-I™II^ 

The mean declination of the three northern stars observed on May 2 wa.s + 19°, 
and the uncorrected clock-correction was — 8" 1 2". The correction of quadrant inter- 



Hosted by 



Google 



RESEARCHES ON THE MOTION OF THE MOON. 



259 



polated to this declination is 48^ maldng for the true clock-error — g"" o^ If we had 
taken all four stars, we should have had: mean clock-correction, — 8" i"; mean decli- 
nation, -f 12''; correction for quadrant, 59'; and the resulting clock-correction would 
still be — 9° o^. Correcting, as before, for rate, the correction for the time of the 
eclipse is — 9™ 5^ 

The correction to apparent time applied by Flamsteed is — 5"' 40', and the equa- 
tion of time is — s" 23', so that the correction actually used by Flamsteed, of the 
derivation of which we have no knowledge, is — 9" 3^ We have, then, the three fol- 
lowing results for the correction to Fj.amsteed's clock on mean time at the monient 
of total echpse: — 

Using Argelander's m — 9™ o^. 

From an independent discussion . . . . — 9™ 5^ 

Flamsteed actually used ~ 9™ 3^ 

The value of Argelander's m resting on an "extrapolation", and its applicability 
being questionable, not much weight can be given to the first result. I think, there- 
fore, that we may put the clock-correction on mean time at — 9" 4', and that the error 
can then hardly exceed 3 or 4 seconds. 

Observations hy Halley. — These were made at the rooms of the Royal Society in 
Crane Court, Fleet Street, London. A re-reduction of his altitudes gives results 
scai'cely diifering from those he obtains. The correction of his clock on mean time 
is — 3" 38^ I have assumed his position to be, 
<p = 5i° 31' 
^ =: o™ 25^ west. 
The longitude may be some seconds in error, but it would be a useless refinement to 
discuss it in connection with such observations. 

Observations ly Pound. — Here we have nothing but apparent times, and can do 
nothing but apply — 3'" 22', the equation of time, to his results. Pound's position 
was, 

^ = 5 1 ° 34' 
/I. =: o" 8^ east. 
Elements derived from Theorz/.^The Bessolian elements of this eclipse are as 
follows: — 
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The notation here used is that of § 7. The radii of the penumbra and shadow 
are those which co'TAsnond to the fundamental plane of reference, passing through the 
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centre of tlie earth perpendicular to the axis of the shadow. The value of /a is thnt oi 
ft' corresponding to the meridian of Greenwich. 

From these data we obtain the following observed and computed local mean 
times: — 



Obsc 



i Flamsleed 
j Halley . 
■ Pound . 



Local Mean 



5 37 

8 4S 



At the general mean of tliese times, and for the position of Greenwich, we have, 
very nearly, for the change in the time of the phase produced by a cliaiige of i " in 
the longitude. A, and the latitude, 0, of the moon. 

Beginning of totality ; 6ti~— 2.13 (SA + 1.^2 6 fi 
End of totality ; (^^ = — 2 04 (5A — 2.04 d0. 

To make use of these quantities, we must express the correction of the moon's true 
longitude and latitude in terms of that of her mean longitude and longitude of the 
node. We find, from the formulae already given, 
SX^ 1. 14 6e 
60 — — o.iooSe-\- 0.088 Se, 
which expressions are to be substituted in the preceding equations of condition. 

We have now to combine the observations. Their remarkable discordance ren- 
ders the final result greatly dependent on the relative weights assigned, and these are 
necessarily a matter of judgment. The most widely discordant ones are those which 
we should suppose, from the data before us, to have been the best, namely, Haixey's 
and Flamstbed's. Altogether, I think, the most probable result will be obtained by 
giving HALLEYand Pound the weight i, and Flamstked weight 2. At the same time, 
I confess, that my judgment may be influenced in this decision by the entirely improb- 
able correction to the tabidar times which is indicated by Flamsteed's observations, 
and that but for this I might assign a greater relative weight to the latter. On the 
other hand, were it not for the equally great deviation of Halley's observations from 
probability in the opposite direction, I might assign him a greater weight than Pound, 
and the result would then be but little altered. I shall, therefore, adhere to the above 
weights. This combination will give, 

Mean correction to beginning . . . . <5i^| = — 44^ 

Mean correction to end (5^^ — — 31'- 

By substituting the values of St, SX, etc., in the equations of condition, they become, 
2.58 (5e — 2.0 SL — 0,134 SO^z 44 
i.j6Se— 2.0 f5Z/-f- o. 179 5 9= 31. 
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Patting SL, the correction to tlie sun's longitude, equal to zero, we derive from these 
equations 

5e = + l6".2±2''.5 

6 6 — — 20". 

The correction to will be obtained so iTiuch more accurately from other obser- 
vations that we need not consider it here. 

§ 15- 

DISCTJ8S10N OF DEVIATIONS IN THE MOON'S MEAN MOTION AS INDICATED BY 
THE PHEOEDING OBSERVATIONS. 

We now employ the preceding results for the study of the principal problem in 
view as the object of these researches. If we suppose no deviation in the mean motion 
of the moon except that which is due to the gravitation of other bodies of our system, 
this mean motion would be constant with the exception of a secular acceleration, the 
amount of which has been accurately fixed by theory. It is, however, well known that 
the secular acceleration given by observation is not the same as that deduced from 
theory, and astronomers have generally been agreed that the apparent difference may 
be due to a retardation of the earth's axial rotation. Thus, the apparent secular accel- 
eration will be made up of two parts, — the one a real acceleration ; the other an apparent 
one, due to the change in our measure of time. 

But when we study the problem more closely, we shall find that the hypothesis 
of a constant tidal retardation fails to account for the observed mean motion of the 
moon, and that we must either suppose this retardation variable, sometimes even 
becoming an acceleration, or we must suppose the mean motion of the moon subject to 
changes which have not yet been accounted for. Let as now inquire what deviations 
of the moon's mean motion remain unaccounted for. For this purpose, we collect from 
the two preceding sections the following system of residual corrections, obtained from 
the observations of eclipses and oocnltations made since the invention of the telescope. 
We begin with individual results from each eclipse and from groups of occultations. It 
may once more be remarked that the probable errors here assigned are, for the most 
part, mere estimates, founded on a consideration of all the attendant circumstances. 
Some such estimate is absolutely necessary for the subsequent combination of the 
observations; and, as there are no data for the rigorous computation of probable errors, 
we are necessarily left in part to the exercise of our judgment. 

Individual Corrections to the Mean Longitude of the Moon in Hasskn's Tables, with the 
Sources whence derived. 
Gassendus, beginuiug autl eutl of eclipse. 
Gassehdus, begiuniug ot fclipse. 
Gassendus, eclipse©, phases. 
BuLLiALDUS itud Gasskndus, 13 occultatiotis. 
Eclipse 0, by Gasooigke. 
Edipse©, by GASSENDUS. 
Edlipse ©, by Hoekox. 



621.4,*! 


= +;»' 


± 


630.4 


+ 3.5 


± 


f'33'3 


+ 53 


± 


('SS'? 


+ S7 


± 


6394 


+ 34 


± 


639-4 


+ '3 


± 


6394 


+ »7 


± 
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1639.4.^=- 


= -27" ± 


,645.2 


+ 34 ± 


■645-6 


+ 51 ± 


.6S».3 


+ 38 ± 


1654.6 


+ 31 ± 


1661.2 


+ 37 ± 


1662.0 


+ 38 ± 


1666.5 


+ 25 ± 


1673.9 


+ 39 ± 


.6,6.4 


+ 23 ± 


1680.0 


+ 31 ± 


1680.0 


+ 29.4 ± 


1684.5 


+ 24 ± 


,684.5 


+ 32 ± 


,699.7 


+ 34.8 ± 


,706.4 


+ 24., ± 


1712.5 


+ ,4.8 ± 


■;>5-3 


+ ,6.2 ± 


I7I5.3 


+ 8 ± 


I7I5.3' 


+ .0.3 ± 


1728.5 


+ 7.3 + 
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i {t}" Eclipse©, by Hbvblius. 

o 4 phases oi' ocieiiltations, iiy Hisvelius. 

8 E(-li|ise0, by Hbvblius. 

o Eclipse 0, by Hevblius. 

8 Eclipse©, by Waltebius. 

6 Eclipse©, by Hbvblius. 

5 Oecultations, by Hbvelius. 
o Eclipse ©, by Hevblius. 

4 Occaltations, by Hevblius. 

6 Eclipse©, by Flamstbeix 

5 Occuitations, by Hbvblius. 

1,0 Occnltations by Flamstebd aud the Pari« astrouomers, 

4 Eclipse 0, by Flamstebd. 

2 Eclipse ©, by La Hire. 

2.0 EclipSt o, by La Hire. 

2.0 Eclipse Q, by La Hire. 

^.6 Occulta tioDs, by tlio Paris Rstrorioinpia. 

2.5 Eclipse©, by FliVmsteed, Hallev, aud Pound. 

4 Eclipse©, by (Jasstni, at Marly. 

1.5 Eclipse ©, by the La Hires, at Paris. 

i.g Occnltations, by Delisle, etc. 

The discordances among the older results are, on the whole, not greater than 
what we should expect from the probable errors assigned, except in the case of the 
eclipse of 1639. In fact, if we suppose the error of the tables to diminish unifomily 
from 60", in 1620, to 30", in 1680, the deviation of the result will in no case exceed 

1.5 X tl'6 probable error assigned, except in the case of the observations of the eclipse 
of 1639, by GrASSENDUS and Horkox, where the deviations are, respectively, 3.0 and 

4.6 X probable error. The question whether the observations are or are not to be 
taxed with this apparent error cannot now be settled. 

To investigate the questions now under consideration, we must have the correc- 
tion to Hansen's Tables given by observations from 1750 to the present time. From 
the compai-isons published by Hansen himself in the Monthly Notices of the Royal 
Astronomical Society, it would appear that the correction from 1750 to 1850, inclusive, 
is very nearly zero. The course of the moon since 1 850 has been investigated in Part 
III of the Papers published by the Commission on the Transit of Venus, from which it 
appears that, at the epoch 1875.0, the meridian observations at Greenwich and Wash- 
ington indicate a correction to the moon's mean longitude of —9". 7. But the occnl- 
tations about the same time give a correction nearly two seconds less, so that we may 
consider the con-ection at this epoch to tie — 8". 

The first question to be considered is how nearly the observations can be repre- 
sented by theory without any empirical correction. It is well known that Hansen intro- 
duced into his tables a term depending on tlie argument 8 times the mean motion of 
Venus minus 1 3 times the mean motion of the earth, which is to be regarded as empiri- 
cal, since it has never been satisfactorily shown to have any theoretical existence. We 
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must therefore remove tKis term from the theory to be compared with observation. 
The secular acceleration is, however, to be left arbitrary, because it depends in part 
on the unknown tidal retardation of the earth's rotation. 

For convenience in solving the equations, we shall graphically interpolate the 
individual corrections to the moon's mean longitude just collected, so as to give the 
value of that con-ection for intervals of a quarter of a century. The values of the cor- 
rections to Hansen's Tables thus interpolated, of Hansen's doubtful term, and of the 
resulting correction to a pure theory, are as follows ; F3 representing the doubtful 
term and Se' the correction to pure theory: — 

1625, (5i~+5o"± 13"; V^ = ~-i7".i; Ss'^+ss" 
1650 +39 i 5 — 21.4 + 18 



i<J75 


+ 32 


± I 


— 


16.8 


+ I.S 


1700 


+ 21 


± I 


— 


5.2 


+ 16 


1725 


+ 7 


± I 


+ 


8.6 


+ 16 


1750 





± J 


+ 


■ 8.9 


+ 19 


1775 





± I 


+ 


21. 2 


+ 21 


1800 





± I 


+ 


14.7 


+ 15 


1825 





± I 


+ 


2.1 


+ 2 


1850 





± I 


— 


I 1.4 


— 1 I 


1875 


- 8 


d= I 


— 


20.1 


-28 



It is clear, without computation, that these residuals cannot be represented by 
corrections to the epoch, mean motion, and secular acceleration. The only secular 
acceleration we can obtain is an approximation to a mean value, which may have 
different values according to the mode of using the data, because the mean in question 
does not admit of precise definition. The deviation during recent years is such that 
the secular acceleration will come out smaller the greatev the weight we assign to the 
modem observations. To obtain the best result from the ancient and modem obser- 
vations combined, it seems advisable to assign a minimum probable error of 4" or 5" 
to each residual of the modern observations. 

The equations of condition given by the ancient and modern corrections are as 
follow. In these equations we have put Ss for the correction to the moon's mean lon- 
gitude in seconds in 1 700, and dn for the correction of the centennial mean motion at 
the same epoch, while Ss is the correction to Hansen's secular acceleration. The first 
four equations are those given by Ptolemy's lunar eclipses, p. 44, while the next 
three are those from the Arabian observations, p. 54. To obtain a more convenient 
treatment of the equations, the residuals of the ancient observations are expressed in 
minutes of arc instead of seconds. The equations expressed in seconds may be con- 
sidered as divided by 60 throughout, and the weights as multiplied by 3600. The unit 
of weight is supposed to correspond to a probable error of about 6 units 
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Equations of Condition for the Moon^s Mean Motion, etc. 



Date ~ 687 ; 


0.017 '^' 


£ — G.40 


ft> + 9.5S<Ss 


= - li; Wt= 3; 


r = +i6' 


-381: 


.017 


-0.35 


+ 728 


— 27 


2 


_ y 


-189; 


.017 


-031 


+ 5 95 


— 20 


4 


~ 4 


+ 1,34; 


.017 


— 0,26 


+ 4.>i 


— 16 




— 6 


850; 


.017 


— 0.14 


-f I.2G 


- 4.4 


8 


— 2.4 


927; 


.017 


— 0.13 


+ 0.99 


— i.i 


16 


+ 0.3 


986; 


0,017 


— 0.12 


+ 0.84 


- 4.8 


30 


~ 3-8 


1625; 


1. 00 


-0.75 


+ G.56 


+ 33 


I 


+ 6".: 


I65O; 


I.OQ 


— 0,50 


+ 0.25 


18 


1 


- 6.9 
~ 7-4 


.675; 


I. GO 


-0.25 


+ G.06 


15 


2 


1700; 


I. GO 


0.00 


000 


16 


2 


- 3-6 


1725; 


1.00 


+ 0.25 


+ 0.06 


16 


2 


— 0-3 


1750; 


I. GO 


0.50 


+ 0.25 


19 


2 


+ 6.4 


1775; 


1. 00 


0.7s 


+ 0.56 


21 


2 


+ 12.5 


1800; 


I GG 


1. 00 


+ I.GO 


15 


2 


+ II. I 


182s; 


r.oo 


1-25 


+ 1.56 


+ 2 


2 


+ 3.0 


1850; 


1. 00 


1.50 


+ 2.2S 


— 1 1 


2 


- 4.6 


■87s; 


1.00 


"■75 


+ 3.G6 


-28 


2 


-15.S 



It will be noticed that the cori-ectioiiB from the Arabian observatiofis employed in 
the equations are a little ditjerent from those given on p. 54. This arises from the fact 
that equal weight was given to all the eclipses in forming these equations. The final 
result is substfintially the same on either system. 

Treating the above equations by the method of least squares, we have the nor- 
mals : — 

20.02 <St + 1 2.G7 (5;i + 20.62 tii- =: + 174.0 
12.07 +20.60 — 9.66 — + 15.2 
2062 — 9.66 +657.1 =—1687.0 

The solution of which gives : — 

<St=+i9".S7^ 

'5« = — 12^.31 V Epocli, 1700. 

<Ss =- 3".36) 

If we transfer tlie epoch to 1800, the corrections will bo: 

<Se = + 3".90 ~i 

Sn=— 19". 03 V Epocl), 1800. 

^1 =- 3".36) 

If we substitute these values of the unknown quantities in the equations of con- 
dition, we stall have the residuals following the equations. We see that in the case 
oi the modern observations the residuals are of an entirely inadmissible magnitude ; 
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it is therefore certain that the existing theory will not represent observations with 
any value whatever of the secular acceleration. Still, the correction which we have 
deduced for the secular acceleration is clearly indicated by the combination of all the 
observations. Hansen's adopted value being 12". 17, we are led to the value 

s — 8".8 

as that which, on the whole, best satisfies the observations which we have discussed. 

Respecting the cause of the outstanding deviations, we may make two hypo- 
theses : — 

(i) That these deviations are only apparent ones, arising from inequalities in the 
axial rotation of the earth. The deviation of the observed secular acceleration from 
the theoretical value 6". 1 8 has long been attributed to a retardation of the earth's 
rotation, and by supposing this retardation to be itself a variable quantity, and indeed 
sometimes to change into an acceleration, we may completely account for the observed 
deviations. 

(2) We may suppose the deviations to arise from one or more inequalities of long 
period in the actual mean motion of the moon. 

Let us consider these two hypotheses in order. Wo have first to see what results 
follow, if we suppose the theory of gravitation to correctly account for all real changes 
in the mean motion of the moon, and attribute the observed deviations to changes in 
the earth's axial rotation, or the length of the mean day. To find what these devia- 
tions really are, we must take out the effect of Hansen's increase of the secular 
acceleration as well as the empirical term due to the action of Venus from the theory 
to be compared. The latter has been taken out wherever necessary in the preceding 
exhibit of the corrections to the moon's mean longitude, and it now remains to consider 
the former. 

The sidereal acceleration adopted in Hansen's tables is 12". 18 T^ 

While Delaun\y has found from theory 6". 18 T^ 

So that the excess of FIanskn's tables is + 6".oo T^. 

If we apply this correction to the tabular residuals, wo shall have the results of 
the hypothetical deviations from a certain uniform measure of time. This measure 
being arbitrary, we shall take it so that the observed and the assumed measures shall 
agree in 1750 and 1850. This will be effected by correcting the residuals by the 
quantity 

_ 29". 5 + lS".oT-f-6"o 2^, 

Tbeing counted in centuries from 1700. Applying this correction to the fundamental 
residuals, we have the series of outstanding coiTections to pure theory given in the 
second column of the following table, while, in the third column, these residuals are 
converted into seconds of time. The significance of the numbers in question is this : — 

If we suppose the accepted theory of the moon's motion to be perfect, and the observed 
deviations from theory to le due to inequalities in the earth's axial rotation, then the last 
34 75 Ap. 2 
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9-9 


- 18 


9.6 


- 17 


3-5 


- 6 


0.2 





2.1 


- 4 


'■3 


+ 2 


;".6 


+ .2' 


[9.0 


+ 35 


[8.6 


+ 34 


13-5 


+ 25 


8.6 


+ 16 


0.0 





8.4 


-15 


9-5 


-17 


4-4 


- 8 


0.0 





7.6 


+ 14 



column of this table shows the amount in time hy which the earth is in advance of an assumed 
uniformly revolving earth. These numbers must therefore be subtracted from the times indi- 
cated by astronomical observations in order to reduce them to a uniform measure of time. 

Epoch — 68y; «£ = + 38'.6, A(= — 70- 



+ 134 

846 

926 

986 

1625 

1650 

■675 

1700 

172s 

1750 

1775 

1800 

1825 

1850 

187s 

These corrections are so minute that their independent detection hj existing 
observations is barely possible. The most promising^ means of detection is afforded 
by the eclipses of the first satellite of Jupiter, which have been observed since 1670. 
Next in order come meridian observations of Venus during several months on each 
side of her superior conjunction, the discussion of which would be extrenielj- laborious, 
and would involve a complete re-examination of the theory of the motion of Venus, 
Transits of Mercury also afford some hope, but, unfortunatoly, Halley's excellent 
observation of the transit of 1678 is vitiated by some defect in his clock-error, which 
cannot be investigated for want of data. 

If the hypothesis in question is correct, the problem of predicting the moon's 
motion with accuracy through long intervals of time must be regarded as hopeless, 
since it cannot be expected that variations in the earth's axial rotation will conform to 
any determinable law. Success in tracing the deviations in question to the moon itself 
and to the theory of gravitation is therefore a, consummation to be. hoped for. 

Passing now to the second hypothesis, a glance at the residuals of the equations 
of condition on page 263 shows that the modem observations may be very nearly 
represented by a term having a period of between 350 and 300 years. Let us then 
inquire how good this representation can be made if we suppose an empirical con'ec- 
tion to Hansen's first term depending on the action of Venus, the period of which 
is 273 years. In this inquiry, we confine ourselves to the modern observations; and 
we mtist introd^lce, in addition to the term sought, new corrections to the moon's 
epoch and mean motion. Let us put 

^—18 V— i6E — g; 
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F being the mean longitude of Venus, E that of the earth, and g the mean anomaly 
of the moon. The residual corrections will then be of tho form 

6e ~\- TSn + X sin A-\-y cos A. 

Coimting Tin centuries from 1800, the equations of condition will bo: — 



Se-i.-js 


hi —0.733 


+0.681, 




6" 


I 


Tt = 


i 


Se— J.50 


— 0.24 


+ 0.96 


=— 


6" 


9 




I 


Se ~~ 1.25 


+0.33 


+0.95 


=— 


7" 


4 




5 


6e ~ 1. 00 


+ 0.79 


+0.62 


=— 


3" 


6 




5 


Se~o.js 


+ 1. 00 


—0.09 


—— 


0" 


3 




3 


Se — 0,50 


+0.88 


-0.47 


=+ 


6" 


4 




4 


Sa — 0.25 


+ 0.48 


— 0.S7 


=+ 


2" 


5 




4 


6e 0.00 


— 0.07 


— 1. 00 


=+ 


1 1" 


I 




4 


6e + 0.2s 


—060 


—080 


=+ 


3" 







4 


Se + 0.50 


— 0.94 


-0.34 


=— 


4" 


6 




8 


Se + 0.75 


— 0.97 


+0.22 


=— 


IS" 


8 




10 



The unit of weight is supposed to correspond to a probable en-or of about dz 2". 
The treatment by least squares leads to the normals: — 



48.500 -Se— 6.375-577— 6.465 


c— 3.660?/= — 


122' 


■55 


— 6.375 4-27.401 —21.138 


— 9.975 


= — 


89' 


.26 


— 6.465 —21 138 +28.946 


+ 3.I07 


= + 


196' 


■17 


— 3.660 — 9.975 + 3.107 


+ 19.492 


= — 


182' 


.72 


of these equations gives: — 










■'« = — S"-04 ) , „ 
t >, } epoch, 1800. 
5w— — 10'. 14^ I ' 








X — ~ o".09 










.!'=-i5".49- 










ing residuals are: — 










1625 +3".9 


1775 


+ 1' 


.6 




50 — 2". 2 


1800 


+ 0' 


.6 




75 - o"-3 


25 


— i' 


.9 




1700 + i".o 


50 


+ 0' 


.2 




25 — o".8 


■87s 


+ 0' 


2. 




50 — o".8 











The erapii'Ical alteration in question, thei'cfore, represents the observations quite satis- 
factorily. 

The additional diminution of 10" per century in the mean motion of the moon 
at the present time will necessitate a farther diminution of o".5 in the value of the 
secular acceleration in order that the ancient observations may still be well represented. 
This will leave the moon's longitude unaltered by the last correction at the epoch — 250. 
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To represent the Arabian observations without any mean rosiduitl, the dirauiution 
should be about 3", so that the observed secular acceleration would be reduced fully 
to its theoretical value, leaving no tidal retardation whatever. The best mean repre- 
sentation of the ancient observations is, however, given with the acceleration 



The total correction to the mean longitude of Hannen'^ Tables now becomes 

— i".i4 — 29".! 7 T — 3".86r^— Kj — o".09 sin ^ — i5"-49 cos^; 

Fa representing, as before, the empirical term due to the action of Venus; A, the angle 
18 V — 16 E~ y; and T, the time counted in centuries from 1800. 

To give a clear view of tho course of these corrections, they have been tabulated 
tor ten-year intervals from 1620 to igoo. The results are shown in the following 
table:— 



Ve„. 


A 


-V. 


-I5".S 

X COE^ 


Sccul 
Term 


ar Total 
s. Corr. 


1620 


306.5 


+ 15.3 


~ q.i! 


+ 39 




30 


319 


6 


+ 18.7 


- 11.8 


+ 37 


4+44 


3 


40 


332 


8 


+ 20.8 


- 13.8 


+ 35 


7 + 42 


7 


50 


346 





4- 21.5 


- 15.0 


+ 33 


9+40 


4 


60 


359 


2 


+ 20.7 


- 15-5 


+ 32 


I + 37 


3 


70 


IS 


4 


+ i8,5 


- 15. 1 


+ 30 


2 + 33 


6 


80 


25 


6 


+ 15.0 


- 14.0 


+ 28 


2 + 29 


2 


90 


38 


8 


+ .0.4 


- 12. I 


+ 26 


2 + 2A 


5 


1700 


52 





+ 5.2 


- 9-5 


+ 24 


I + 19 


8 


10 


65 


I 


- 0.4 


- 6-5 


+ 21 


9+15 





20 


78 


3 


- 5-9 


- 3-' 


-1- 19 


7 + 10 


7 


30 


9' 


5 


- II. I 


+ 0.4 


+ 17 


4+6 




40 


104 


7 


- 15-5 


+ 3-9 


+ 15 


+ 3 


4 


50 


117 


9 


- !3.9 


+ 7.3 


+ 12 


5 + 


9 


60 


131 





- 20.8 


+ 10.2 


+ 10 


0-0 


6 


70 


144 


3 


- 21.4 


+ 12.6 


+ 7 


3 ~ I 


5 


80 


157 


5 


- 20.6 


+ 14-3 


+ 4 


6 - 1 


7 


t)0 


170 


7 


- 18.3 


+ 15-3 


+ I 


8 - I 


2 


1800 


i33 


9 


- 14-7 


+ 15.5 


- I 


I - 


3 


10 


197 





- 10.2 


+ 14.8 


- 4 


I + 


5 


20 


210 


2 


- 4-9 


+ 13-4 


- 7 


1 + 1 


4 


30 


223 


4 


+ 0.7 


+ 11-3 


- 10 


3 + ' 


7 


40 


236 


6 


+ 6.2 


+ 8.5 


- 13 


5 + I 


2 


50 


249 


8 


+ II. 4 


+ 5.4 


- 16 


7 + 


I 


60 


263 





+ 15-7 


+ 1-9 


- 20 


0-2 


4 


70 


276 


2 


+ 19-0 


~ 1.7 


- 23 


4-6 


I 


80 


289 


4 


+ 20.9 


- 5-2 


- 26 


9 - II 




go 


302 


6 


+ 2i.5 


- 8.4 


- 30 


4-17 


3 


1900 


3'S 


^ 


+ 20.6 


- II. I 


- 34 


I - 24 


'' 
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It will be instructive to notice bow these resulting coiTections compare with those 
which have been already deduced from individual observations or groups of observa- 
tions. This is shown in the following table. The observed corrections and the proba- 
ble errors i; e are taken witliout change from the table given on pages 261 and 262. 



Date. 


Observed 


Formula. 


Difference. 


±£ 


Wt. 


1621.4 


+ 7S 


+ 45 


+ 33 


14 


3 


ibjo.A 


35 


44 


- 9 


25 


I 


1633-3 


53 


44 


+ 9 


13 


3 


'fi3S.7 


57 


43 


+ 14 


g 


6 


i63g-4 


34 


43 


- 9 


11 


5 




23 
37 


43 
43 


- l6 


9 

5 


6 


1645-2 


34 


41 


- 7 


10 


2 


1645.6 


SI 


41 


+ 10 


a 


3 


1652,3 


38 


40 


- a . 


10 


2 


1654.6 


31 


3g 


- 8 


8 


3 


1661.2 


37 


37 





6 


3 


1662.0 


38 


37 


+ r 


5 


4 


1666,5 


25 


35 


- 10 


10 


I 


1673,9 


39 


32 


+ 7 


4 


6 


1676.4 


23 


31 


- 8 


6 


3 


1680.0 


31 


2g 


+ 2 


5 


4 




29.4 


2g.o 


-+- 0.4 


I.O 


100 


1684,5 


24 


27 


- 3 


4 


6 


" 


32 


27 


+ 5 


2-0 


25 


i6gg.7 


24. S 


ig.8 


+ 5.0 




25 


1706.4 


24.1 


16.6 


+ 7-5 




25 


1712.5 


14.8 


13.9 


+ 0-9 


0.6 


45 


1715.3 


16.2 


12.6 


-f- 3.6 


2.5 


3 




8,0 


12.6 


- 4.6 


4.0 


I 


.,.s.s 


10,3 
7-3 


12.6 

7-5 


- 2-3 


1-5 


7 



By comparing the corrections with the probable errors it will be seen that 

The residuals are less than the probable error in 1 1 cases; 
The residuals are equal to the probable eiTor in 2 cases; 
The residuals are greater than the probable error in 14 cases 

If the theory were itself perfect, this would indicate that the probable errors assigned 
are, .in the mean, somewhat too small- In the case of the eclipse of 1639, byHoRROx, 
it may be regarded as certain that the assigned probable error is too small, as, through 
inadvertence, proper account was not taken of the uncertainty of his clock- correction. 



Hosted by 



Google 



270 RESEARCHES ON THE MOTION OF THE MOON. 

The i-esnlts are divided into groups, and the mean by weights has been taken. 
It will be remarked that each group has its own unit of weight. The mean results for 
the corrections still outstanding will then be as follows: — 

1635.9, S£~~ 2".o ±4"-2 

1649.5 — i"-2 ±4"-2 

1662.3 -o".8±3".5 
1681.7 +i".3 ±o".8 
1699.7 +5"-o ±2".o 

1706.4 + 7".5 ±2".o 
i7i3'i +o".5±o".5 

1728.5 — o",2 ±i".5- 

It will be seen that the results are, on the whole, as good as could be expected except 
in the case of the solar eclipses of 1 699 and r 706, where the observations of La Hire 
indicate a correction of several times the probable error. Whether this arises from 
some systematic error in the observations, or from a real deviation of the moon at 
those times, must be left to future investigation. 

§16. 

OBSBEYED LIMITS OI1 THE MOON'S SHADOW DURING ITS PASSAGE OVER 
ENGLA5rr> IN THE TOTAL ECLIPSE OF 1715, WITH A DETERMINATION OF THE 
0OBKE(JTION 3'0 THE MOTION OE THE MOON'S NODE. 

The most remarkable and valuable of the observations of this eclipse were those 
organized by Hallet for the purpose of determining the limits of the shadow-path. 
As the duration of totality increases very rapidly when we first enter the limits of this 
path, this limit can be fixed with great precision by an observation of duration made 
a short distance within. Such an observation is of especial value for determining the 
position of the moon's node. The mode of treating observations of this class is as 
follows: — 

Putting Tg for the central duration corresponding to the position of the observer, 
T for the observed duration, and Pi for the radius of the shadow, if we compute k 
from the formula 

sm k-=.—, 

To 

the shortest distance of the observer from the centre of the sliadow will be 
A = pi cos Jc. 
The value of r^ is given by the formula 

If only one limit is observed, this result will be subject to errors of the semi- 
diameters of the sun and moon; but these errors will be eliminated from the mean 
observations made near the two limits. 
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The observations we are now to use are found in Hallet's paper in the Philo- 
sophical Transactions for 1 7 1 5. The fixing of the exact geographical positions of the 
places of observation at first presented a difficulty, which was entirely removed through 
the kindness of General Sir Hbney James, Chief of the Ordnance Survey of England, 
who sent me a complete and accurate list of the positions in question. 

The following is a summary of all the observations, as given by Halley :— 
A. — Stations near Southern Limit. 

1. Norton Court, about ro miles this side Canterbury. Observer, Ttev. Dr. John 
Hareis, S. T. D., R. S. S., Prebendary of Rochester. Duration, one minute, or rather 
less. 

2. Bocton, about midway between Norton Court and Canterbury. Observers, 
the inhabitants. Eclipse, hardly total, a small star being left on the lower part of the 
sun at greatest obscuration. 

3. Cranbrook, in Kent. Observer, William Temple, Esq., R. S. S. Sun extin- 
guished for a moment and then reappeared. 

4. Wadhurst, beyond Turnhridge Wells. Total, but no duration given. 

5. Lewis. Eclipse total for "some short time". 

6. Brightling. Not quite total. 

The following quantities may be assumed as having the same value for all these 
stations: — 

Value of 5 or distance from place of reference 0.658 

Augmentation of radius of shadow 00305 

Radius of shadow on plane of reference 01284 

Radius of shadow at points of observation 01589 

Relative velocity, or V"Z'« + r ' (Log,) 9.6720 

Duration on central line 243^4. 

We now take the stations in the order in which they are given. 

1. 'Norton Court. — In all probability, the duration was between 52' and one 

minute.* 

If T=z52^ then sin /c — 0,214; ^ =.oi552. 

If r — 60^, then sin k = 0.247 ; A ~ .0 1 540. 
The mean of these two results is .01546, with a probable error of less than 6 in the 
last place. 

2. Bocton. — The sun could not have presented this appearance at any appreciable 
distance outside the shadow. Profcably the point was exactly on the limit, the sun's 
limb shining through a depression in the moon's limb. Possibly, the appearance 
described may have been due to a protuberance; but this does not seem likely. We 
may therefore put A =z .01589. 

3. Cranbrook — Here also observed A =: Pi = .01 589. 

4 and 5. — These stations give only A < .01589, but, in the case of Lewis, prob- 
ably not much less, since a duration of 30^ would correspond to A =.01 577. 
6. Brightling. — This only gives A > .01589. 

*At the time of ivtUing this I did not notice ihat Halley elsewhere gave data showing the duration to beesactlj sg'. 
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The comparison of these results with the tables is as follows ; the positions are 
those furnished by Sir HENt<Y James. The tabular values of A, the minimum distance 
of the point of observation from the axis of the shadow, are computed by the formulse 
of § 7 :— 





Lat 


ud. 


Longitude 


Tabular i. 


Observed A. 


Correction, 


Norton Court , 


51 


ig.o 


- 49-4 


+ .01597 


.01546 


- .00051 




Bocton . . . 


51 


17.7 


- 57-4 


.01679 


,01589 


— ,00090 




Cranbrook 


5' 


5-7 


- 32.4 


.01682 


.OJ589 


- .00093 




Wadhurst . . 


5' 


3-S 


- 20,5 


.016=4 


.01589 minus. 


- .00035 


nd more. 


Lewis . . . 


50 


52.6 


- 0.8 


,0(656 


I.0158Q minus. 
1 -01577- 


— .00067 3 

- ,00079: 


nd more. 


Brighlling . 


50 


57.7 


- 22. g 


. 01740 


.0158QPI..S, 


— .00167 a 


nd less. 



The mean of the first three results, ^ving double weight to Norton Court, is 
.00071 ±.00010. But since the Lewis observation gives a minimum limit of .00067, 
the most probable value of the con-ection may be estimated at — .00075 =t .00008. 

B. — Stations near Northern Limit. 

Observer, Rev. Uogkr PitossKit. Eclipse total a minute 



tserver. Dr. Hollings. Duration of totality, 



1 . Haverford-West. 
and a half 

2. Shrewsbury in Shropshire. Obi 
I™ 40'. 

3. Darrington, about 2 miles this side Pontefract. Observer, Theophilu.s Shel- 
TON, Esq. The sun reduced almost to a point resembhng the planet Mars, and then 
the light began to increase. 

4. Barnsdale, S miles south of Darrington. The eclipse "just total". 

5. Badsworth. Authority, the Kev. and Learned Mr. DAunaz. The corona seen, 
and therefore the eclipse total. 

6. Witley, the seat of Lord Foley. Duration, 3™ 15". 
We have from the elements : — 

Hav, W. other at. 

Mean value of 5 0.608 0.632 

Augmentation of radius of shadow 002S1 .00291 

Eadius of shadow on plane 01284 .01284 

Radius of shadow at station 01565 -01575 

Relative velocity (Log.) 9.6862 9.6805 

Duration on central hne 23210 23616 

The following values of A are derived from the observations :— 

1. Haverford. — sinA = .388; A=.oi443. 

2. Shrewsbury. — sin A — .423; A=:.oi427. 

3. Darrington. — Here the phenomenon corresponds almost exactly to that at 
Bocton in the south; we therefore put A —radius of shadow — .01575. 

4. Barnsdale. — Same value of A. 

5. Badsworth. — A < 01575, but probably very little less. 

6. Witley. — So far from the limit as to be entirely unreliable; the results, however, 
are, sin ft = .825; A— .00891. 
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Exhibiting the tabular results in the .same i'oi-m as for the southern limits, they 
will be shown as follows : — 





Lalilude. 


Longi.udc. 


Tab. i. 


Obs. i. 


Corr. 10 A. 


Ha^-eifoid W. 


51 4S.1 


+ 4 5S.3 


- .oi4i8 


~ .01443 


- .00025 


Shrewsbury . 


52 42 5 


+ 2 44-5 


- .01266 


- .01427 


-- .ooibr 


Dariiiigloii 


53 -lO-S 


+ I 16.0 


- .01511 


- .01575 


— .00064 


Barnsdalc . . 


53 37.1 


+ I 13-7 


- .01441 


- -01575 


- .00134 


Badwoitli . . 


53 37-S 


+ I iS.o 


- .014S4 


— ■Oi5'i4: 


— .00080; 




52 Id.lj 


+ 2 20.2 


— .O'JJOI 


— .oo8(jl ; 


- .0Oi<)O; 



Tlie mean correction derived from the first four stations is —.00096. But the 
observation of the corona at Badworth would indicate a con-ection numerically less 
than .00091, wliich, however, we cannot regard as certain. Altogether, I think we may 
regard —.00090 as the most probable correction. 

We thus have, for the correction to the tabular position of the shadow-path: — 
From o.bservat!on8 of soutbeni limit, —.00075 
From observations of northern limit, —.00090 
Mean correction, —.00082. 

The correction expressed in terms of the geocentric co-ordinates of the moon, 
relative to the sun, and of the moon's psirallax, is, in units of the 5th place of decimals, 

Tlie same quantity, being expressed hi terms of the correction to the moon's mean 
longitude, «, the sun's true longitude, L, and the correction to the longitude of the 
moon's node, is, 

(5A = — 3.26 (Se + 0.4 5Z-I-2.40 S0+- 13 <57I= — 82, 

the units of the corrections being seconds of arc. The value of Se given by all the 
observations of the eclipse is + ii".2, while the formula gives -1- I2".6. The most 
probable value is perhaps the mean of these two I'esults, or + 1 1".9. We necessarily 
suppose SL and SII equal to zero, so that the value of 59 for this epoch will be, 
.S5:r:-i8"±5". 
From the occultations. we have found (p. 235), iS0 = —o"A4.^\".2, which 
would give 



Tlie most probable mean result for 1 710 is 

Sd — —i6". 
In Imest'igation of Corfcd'tons to Hansen's TaUes of the Moon* p. 36, 
for 1868 

$9 = + ^".$. 



i deduced 



■t III of Fiipc-rs piiUh/u-d by the Com 



H the Tniruit 0/ V^ni 



35- 
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The corrocHon to Hansen's motion of tlio moon's node in one centmy, therefore, 
comCH out, 

+ i3"o±4"- 

In this result, however, no weight is given to tiie observations used by Haksen 

himself. Altogether, I think we may regard tlie most probable correction as about 

lo". The motion of the node being negative, this correction diminishes both its 

absolute value and the argument of latitude by the quantity 

lo" T, 

T being counted in centuries from 1850. This result, though nearly certain with 
respect to it^^ algebraic sign, cannot be regarded as definitive, as it will be affected by 
any correction to Hansen's value of the moon's parallax. 

§17. 

C(.»NCLUI)I>iG liEMAllliS ON TUE VALUE OF TIJE SECULAll Af^CKLEKATlON 
DEDUUliD IN TUIB PAPEK. 

The author is conscious that there may be room for differences of opinion "respect- 
ing the reality of the very large diminution of the secular acceleration which is indi- 
cated by the preceding discussion. A clear summaiy of the evidence on both sides 
of the question, and a statement of the data by which it may be settled, may form a 
fitting conclusion to this investigation. In the first place, it is to be remai-ked that 
there ai-e three pieces of evidence, all of which militate against the diminution here 
deduced, and in favor of the large value found by Hansen. They are as follows : — 

1. The supposed ancient total eclipses known respectively as the eclipse of Thales 
and the eclipse at Laiissa. If the total eclipse of — 584, May 28, really passed over 
the region in which tlie celebrated battle desciibed by HEEODOTUg is supposed to have 
been fought, and if the eclipse of — 556, May 1 9, was really total at the supposed site 
of Larissa, then no appreciable cliEinge of Hansen's longitude of the moon during those 
times is adniissible. The reasons for doul)ting the reality of these eclipses are set foitli 
so fnlly In § 3 that they need not be repeated here. 

2. The lunar eclipse of —382, reported sis observed at Babylon. It is certain 
that If this ecHpse was really seen at Babylon, no appreciable diminution of Hansen's 
longitude at this time can be admitted. 

3. Those lunar eclipses cited by Ptolkmy without a statement of the phase 
observed, it being hitherto assumed that the times noted are those of tlie middle of the 
eclipse. These eclipses ave in every way so uncertain that no great stress can be laid 
upon them. 

The sources of evidence which iudicute the dlnnuLition liere deduced are these 
two: — 

a. The Ptolemaic eclipses of the Almaycst, discussed in § 4 of tliis papei-. 

/?. The Arabian eclipses, discussed in § 5. 

It must be remarked that this is not a case in which the discordant data can be 
combined by weights. The evidence included imder heads i and 2 ia either conclusive, 
or false, and therefore worthless. Either the solar eclipses were total at the points 
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supposed, 01" they were not. If they were, we cannot change Hansen's longitude ; 
If thpy were not, we can deduce nothing from them.* The same remark applies to 
the lunar eclipse of — 3S2, according to whether we suppose it to have been really 
seen at Babylon or not. Data a and /? do not admit of being disposed of so precisely, 
but we cannot suppose the acceleration much greater than 8". 3 without supposing 
systematic errors which seem quite improbable. To me these eiTOrs seem more 
improbable than mistakes in data i and 2, and therefore I regard the small value of 
the secular acceleration as having the preponderance of evidence in its favor. 

The Arabian observations ai'e far more reliable than those of Ptolemy ; it is there- 
fore of interest to know what value of the secular acceleration would be obtained by 
combining tliem with the modem observations. Tiie uncertainty respecting the 
inequalities of long period prevents us from deducing a precise result in this way, but 
we may safely say that it will differ very little from 7", and will therefore be scarcely 
larger than the theoretical value of the acceleration. 

Let us now view the question from the opposite standpoint Granting the reality 
of the problematical total eclipses, and therefore the coiTectness of Hansen's longitude 
five or six centuries before Christ, how will the undoubted eclipses of Ptolemy and 
the Arabians be represented ? In considering this question, we must remember tliat 
this representation will not be the same as by Hansen's unaltered tables, because the 
modern observations have shown that tlie latter need a coiTection to the mean motion 
of the moon at the present time, and the secular acceleration must be taken to accord 
with this change. It will be remembered that Hansen's value of the secular accelera- 
tion has in itself no foundation whatever either in observation or correct theory, and 
may therefore be changed at pleasure to fit the foundation which was found for it after 
its deduction, namely, tlie ancient eclipses. Since if we retain it unaltered, and admit 
the mean motion of the moon deduced from modem observations, the ancient eclipses 
will no longer be represented, we must, to place its value on any foundation at all, 
change it so that these eclipses shall be represented. The con-ection to the centennial 
mean motion given by modern observations we have already found to be — 2Ci" .2. If, 
then, we represent by <5s the coiTection to Hansen's secular acceleration, the total 
correction to the moon's mean longitude T centuries after 1 800 will be 

To represent the ancient t,otal eclipses as required, this quantity should be zero about 
five and a Iialf centuries before Christ, or for T— — 23.5. This condition will give 

'5s = —\".2z- s=io".<:) 

for the secular acceleration which will represent at the same time the modem observa- 

* In. pronouncing (he evidence to admit of no iiitetmediale qiialificalion between conclusiveness on the one liand, 
and falsity and woclhlessncss oo the other, the author refers not so much to the historic iiarralive as to that interprela- 
tion of the narrative on which the hypothesis of a total eclipse is founded. Making allowance for the exaggerations and 
uncertainties to which narratives are liable when (hey pass through uncritical minds, he considers it not at all improbable 
that the narrative of IIerobotus respecting the termination of a battle by dartness may have originated from a pariial 
eclipse of the sun, which terrified or iaipressed the combatants, especially if this eclipse was almost total when the sun 
set. Hence, conceding that the phenomenon was really the eclipse of — 584, he considers that the 
enable us to decide whether the eclipse was total or partial. 
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tioiis and the totsil eclipses of Tiiales and Ltirissa. The correction to tlie moon's mean 
longitude T centuries aftei- 1800 will then be 

-r(29"+i".25.r). 

We now desire to know liow tliese corrections will alter tlie representation of the 
Ptolemaic and Arabian eelipnes. For tlie former, the representation will be substan- 
tially the same as by the unaltrcred tables of Hansen, because the factor 29"+ i".25 T 
vanishes in the com"se of the observations. If tlie ancient solar eclipses are real, we 
must still siippose that the great mass of Ptolemy's eehpses are more tlian half an 
hour in error. 

For tlie Ara.bian ecll2>ses, T rii,ngos from — g.7 1;o — 8.0, find 1:he consequent cor- 
rections to the tfibnliir me.nn longitudes of the moon are :— 

For 839, «5e — + 2'.7 
For 1000, (Se — + 2'.5. 

To fnul Jiow the Arabian observations represent the rovlKed theory, wo must siipposo 
that in the comparisons given on page 5 2 tJie tabular longitude is increased by these 
amounts before being compared with observation. We must therefore apply these 
values of i5e negatively to the column ^Ito obtain the new con'ections. These new 
coiTections are then convei-ted into time by dividing them by the factor F, whereby 
we obtain the following coiTOctions to the tabular times given by all the Ai'abian 
observations. In order to facilitate a discussion of the results, and the detection of 
any systematic eiTor among the observations, a threefold classification is made accord- 
ing to whether the eclipse was of the sun or of the moon, whether the beginning or 
end was observed, and whether the altitude on which the time depends was observed 
east or west of the meridian. The latter distinction is important, because any con- 
stant error in dctovmlning the altitudes will hiivc opposite effects on the two sides of 
the meridian. 
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The large difference between t\\e solar and lunar ecliiDses arises in part from tlie 
fact that a change in the moon's longitude will generally canse a gi-eater change in the 
time of a lunar than in that of a solar eclipse. The two means for 3 beginning are 
derived, the one by retaining, and the other hj rejecting, the discordant observation 
of 990. 

In the Bagdad eclipses, tJie altitudes were all observed in the east, so that we 
should omit them entirely in comparing east and west observations. From the Cairo 
eclipses, we have : — 

Mean result from east altitudes, A^=: -j- 7'" or + 12"', 
according as the discordant observation of 990 is rct^ained or rejected ; 
Mean result from west altitudes, Atzz. +20'". 

That the positive coiTection of ten or fifteen minutes thus indicated should be 
unreal seems to me out of the question. If one had to explain their unreality, the 
most natural way of doing so would be to suppose that the obsei'vations were tampered 
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